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The title complex, [Cu4l4(Ci2H27P)4], crystallizes with six 
molecules in the unit cell and with three independent one- 
third molecule fragments, completed by application of the 
relevant symmetry operators, in the asymmetric unit. The 
tetranuclear copper core shows a tetrahedral geometry (site 
symmetry 3..). The I atoms also form a tetrahedron, with I- ■ -I 
distances of 4.471 (1) A. Both tetrahedra show an orientation 
similar to that of a pair of self-dual platonic bodies. The edges 
of the I-tetrahedral structure are capped to the face centers of 
the Cu-tetrahedron and vice versa. The Cuface- ■ I distances are 
2.18 A (averaged) and the Iface- ■ -Cu distances are 0.78 A 
(averaged). As a geometric consequence of these properties 
there are eight distorted trigonal-bipyramidal polyhedra 
evident, wherein each trigonal face builds up the equatorial 
site and the opposite Cu- ■ -I positions form the axial site. As 
expected, the M-butyl moieties are highly flexible, resulting in 
large elongations of their anisotropic displacement para- 
meters. Some C atoms of the «-butyl groups were needed to fix 
alternative discrete disordered positions. 

Related literature 

For general background to this work, see: Ainscough et al. 
(2001); Alyea et al. (1985); Baker et al. (1994); Barron et al. 

(1984) ; Bowmaker et al. (1989, 1992, 1994 1999, 2002); 
Churchill & Kalra (1973, 1974); Churchill, DeBoer & 
Donovan (1975); Churchih, DeBoer & Mendak (1975); 
Churchill & Rotella (1977, 1979); Dyason, Engelhardt et al. 

(1985) ; Dyason, Healy et al. (1985); Gih et al. (1976); Goel & 
Beauchamp (1983); Hadjikakou et al. (1993); Herberhold et al. 

(2003) ; Hermann et al. (2001); Jansen (1987); Krause (2002); 
Mann et al. (1936); Medina et al. (2005); Moers & Op Het Veld 
(1970); Ramaprabhu et al. (1993, 1998); Schwerdtfeger et al. 

(2004) ; Soloveichik et al. (1992); Wells (1936); Whitesides et al. 



(1971). The Cu- ■ -Cu distance is markably short as compared 
with the reported distances of other tetranuclear copper 
phosphane complexes (Medina et al, 2005). Nevertheless 
there are examples for tetrameric copper complexes with a 
Cu---Cu distance shorter than 2.700 A (Blake et al, 2001; 
Churchill et al, 1982; Kim et al, 2008; Schramm, 1978). Both 
tetrahedra formed by iodines show an orientation similar to 
that of a pair of self-dual platonic bodies (Glaeser & Polthier, 
2010). 




Experimental 

Crystal data 

[CU4l4(Ci2H27P)4] 

M, = 1570.98 
Trigonal, Picl 
a = 22.006 (2) A 
c = 23.276 (2) A 
V = 9761.6 (15) A^ 

Data collection 

Bruker Kappa APEXIl DUO 

diffractometer 
Absorption correction: numerical 

(Blessing, 1995) 

r^„ = 0.674, r„„„ = 0.852 

Refinement 

R[F^ > 2a(F^)] = 0.046 
wR(F^) = 0.099 
S = 1.03 

13415 reflections 
612 parameters 
341 restraints 

H-atom parameters constrained 



Z = 6 

Mo Ka radiation 
fj, = 3.31 mm^' 
r= 110 K 

0.23 X 0.19 X 0.13 mm 



89010 measured reflections 
13415 independent reflections 
10102 reflections with / > 2cr(/) 
Rin, = 0.039 



A/)„ax = 1.62 e A"^ 

Ap„i„ = -1.16 e A"=' 

Absolute structure: Flack (1983), 

6695 Friedel pairs 
Absolute structure parameter: 

-0.02 (2) 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL-Plus (Sheldrick, 2008); software used to prepare material 
for publication: PLATON (Spek, 2009). 
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Tetra-/i3-iodido-tetrakis[(tri-/i-butylphosphane-ft:P)copper(l)] 
Simon Klenk^ Wolfgang Frey^ Martina Bubrin and Sabine Laschat 

1 . Comment 

Tetrameric phosphane complexes of copper(l) halides are extensively used as reagents for copper-mediated conjugate 
additions (Krause, 2002). Furthermore, theoretical interest stems from the fact that all group 1 1 elements in the oxidation 
state +1 are prone to form clusters with potential metal-metal distances (Jansen, 1987). Thus, theoretical work on such 
complexes (XCuPif3)4 has been carried out to study structures and stabilities in detail (Schwerdtfeger et al, 2004; 
Hermann et al, 2001). However, the plethora of structural mformation on these compounds came from X-ray crystal 
structure analyses from various copper(I) halide phosphane complexes (Gill et al, 1976). For monophosphanes, different 
structural motifs were found, e.g. monomers, /i2-halide dimers or /i3-halide bridged tetramers resulting in coordination 
numbers of 2, 3, or 4 for copper(l) which seemed to be mostly dependent on the phosphane. Sterically bulky phosphane 
ligands such as trimesitylphosphane (messP) (Alyea et al, 1985), tris(2,4,6-trimethoxyphenyl)phosphane (tmpp) (Baker 
et al, 1994; Bowmaker et al, 1989) or triscycloheptatrienylphosphane (Herberhold et al, 2003) led exclusively to 
monomeric complexes with a linear X-Cu-P orientation. Phosphanes with moderate steric bias resulted in the formation 
of /<-halide-bridged dimers e.g. for PCys, PBus, and mixed aryl phosphanes (Moers & Op Het Veld, 1970; Churchill & 
Rotella, 1979; Soloveichik et al, 1992; Ainscough et al, 2001; Bowmaker et al, 1992; Bowmaker et al, 1994; 
Hadjikakou et al, 1993; Ramaprabhu et al, 1993; Ramaprabhu et al, 1998). In contrast, sterically less demanding 
phosphane ligands preferred the formation of tetrameric complexes. In this case, two different structures are possible, a 
pseudo-cubane structure 1 with triply-bridging halides [Cu(//3-X)Pi?3]4 which was observed for PMe3 (X= 1) (Bowmaker 
et al, 1999), PEt3 (X= CI, Br, 1) (Churchill & Kalra, 1974; Churchill, DeBoer, Donovan, 1975; Churchill, DeBoer, 
Mendak, 1975), ^-Bu3P (Z= Br, I) (Goel & Beauchamp, 1983; Medina et al, 2005), PMePhz {X= I) (Churchill & Rotella, 
1977), and PPhj (X= Br, CI, I) or an open-step tetramer 2 which was observed for PPhj (X= Br, I) (Churchill & Kalra, 
1973; Churchill & Kaka, 1974; Churchill, DeBoer, Donovan, 1975; Churchill, DeBoer, Mendak, 1975; Dyason, 
Engelhardt et al, 1985; Dyason, Healy et al, 1985) (Fig. 1). It had already been noted that the preferred structure seemed 
to strongly depend on the solvent, with toluene favoring the cubane structure and chloroform favoring the step isomer 
while acetonitrile gave mixtures (Dyason, Engelhardt et al, 1985; Dyason, Healy et al, 1985). Similar solvent effects 
were also reported by Herberhold et al (2003). Although the known tri-w-butyl phosphane complex [n-Bu3PCul]4 had 
already been characterized by using X-ray crystallography (Wells, 1936), no atomic coordinates, bond lengths or bond 
angles were reported. Only two space groups C3c and C3c were proposed givmg preference to the latter (Mann et al, 
1936; Wells, 1936). Thus, we decided to reinvestigate the crystal structure of [«-Bu3PCuI]4 (Fig. 2-4). The copper(I) 
complex was prepared by treatment of anhydrous Cul with w-BusP in a two-phase mixture of a saturated aqueous solution 
of potassium iodide and diethyl ether (Whitesides et al, 1971). The crude product was dissolved in acetone/methanol 
(9:1) and cooled to -78°C, whereby the tetrameric complex precipitated. We were able to confirm the previously 
postulated tetrameric complex with a distorted heterocubane structure similar to the AsEt3 derivative (Wells, 1936). 
Interestingly, [«-Bu3PCul]4 possesses remarkably short Cu—Cu and large 1- T distances with 2.764 (2) A and 4.471 (1) A. 
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Further comparison of the structure with other tetrameric copper complexes (Medina et al, 2005) reveals very similar 
Cu-P bond lengths despite the different (T-donor/;r-acceptor strengths of EtsP, m-BusP, PhsP and /-BusP, respectively. 
Furthermore, complex [«-Bu3PCuI]4 has the largest 1-Cu-I angle and the smallest Cu-I-Cu angle as compared to the 
other complexes (Churchill & Kalra, 1974; Dyason, Engelhardt et al, 1985; Dyason, Healy et al, 1985; Medina et al, 
2005). Due to this very strong distortion the structure could be better described as two interpenetrating copper and iodine 
tetrahedrons. 

2. Experimental 

The title complex was prepared analogously to a literature procedure (Whitesides et al, 1971); for characterization, the 
precipitate obtained at -78°C was dissolved m acetone and crystallized at -50°C. Yield: 46%. M.p. 75-76°C [75°C (Mann 
et al, 1936, Wells, 1936, Whitesides et al, 1971)]. Anal. Calc. for C48H108CU4I4P4: C, 36.70; H, 6.93; I, 32.31%. Found: 
C, 37.09; H, 6.93; I, 32.37%. 'H NMR (300 MHz, CDCI3): d = 0.91 (t, J = 7.2 Hz, 9 H, CH3), 1.31-1.44 (m, 6 H, 
CH2CH3), 1.44-1.64 (m, 12 H, PCH2CH2) p.p.m.. "c NMR (75 MHz, CDCI3): S = 13.8 (CH3), 24.1 (d, Jc-p = 16.4 Hz, 
PCH2), 24.6 (d, Jc P = 12.2 Hz, PCH2CH2), 26.3 (d,Jc p = 2.3 Hz, CH2CH3) p.p.m.. ^'P NMR (121 MHz, CDCI3): S = 
-29.5 — 34.7 (m) p.p.m.. Single crystals suitable for X-ray analysis were obtained by dissolving the product in dichloro- 
methane, overlaying with ethanol and slow evaporation of the solvents at room temperature. 

3. Refinement 

H atoms were only partly located in difference fourier map, because of the strong disordered behaviour of the «-butyl 
moieties. They are refined with fixed individual displacement parameters using a riding model with C — H ranging [U(H) 
= 1.2 Ueq(C) for methylene groups and [U(H) =1.5 C/eq(C) for methyl groups] from 0.98 to 0.99 A. In addition, the 
methyl groups are allowed to rotate but not to tip. A free refinement of the anisotropic displacement parameters of the n- 
butyl moieties was not possible, so an ISOR = 0.01 instruction for all carbons was established, which solves this problem. 
The carbon atoms C17, C18, C21, C28, C37 and C38 were identified as discrete disordered atoms. Their distances were 
fixed by an DFZZ instruction (intervall 1.50 to 1 .54 A) forced by an estimated standard deviation ofO.Ol A. The 
population parameters of the disordered positions were refined free. The main domains converged with population 
fractions of 0.55 (C17, C18), 0.66 (C21), 0.52 (C28) and 0.58 (C37, C38). The distances C22— C23, C23— C24 and C39 
— C40 were also fixed by the DFIX command by the same conditions as above. 

Nevertheless it was not possible to prevent the detection of some B-alerts in the checkcif utility. There are two short 
intermolecular H—H distances of 1.76 A and 1.95 A and also a large C/eq(max)/C'eq(min) ratio of the carbon atoms. The C 
— C bond precision is 0.0205 A, which is low. All these diagnostic results have their reason in the high flexibility of the 
«-butyl moieties in context to the high electron density localized on the heavy elements (iodine) at the rigid core of the 
system. Even the terminal carbons show a large elongation of their displacement parameters which is also a sign of the 
dynamic behaviour of the «-butyl moieties. The detection of the large Hirshfeld Test value of bond C23 — C24 (7.5 su) 
yields in the difficulties resolving the discrete disorder positions by the same reasons. 
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Figure 1 

Possible tetrameric core structures based on cubane (1) or open-step framework (2). 




Figure 2 

ORTEP-siyXe plot- view of complex [«-Bu3PCuI]4 in the solid state of one conformer. 
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Figure 3 

Packing diagram of the unit cell. 
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Figure 4 

Molecule fragment of independent atom positions of one conformer. 
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C5B 




Figure 5 

Core geometry. 

Tetra-^3-iodido-tetrakis[(tri-/j-butylphosphane-K-P)copper(l)] 



Crystal data 

[CU4l4(C,2H27P)4] 

Mr= 1570.98 
Trigonal, P3cl 
Hall symbol: P 3 -2"c 
a = 22.006 (2) A 
c = 23.276 (2) A 
F= 9761.6 (15) A^ 
Z=6 

F(000) = 4704 
Data collection 

Bruker Kappa APEXII DUO 

diffractometer 
Radiation source: fine-focus sealed tube 
Triumph monochromator 
0) + Phi Scans scans 
Absorption correction: numerical 

(Blessing, 1995) 
r^.„ = 0.674, r„ax = 0.852 



Z),= 1.603 Mgm-3 
Mo Ka radiadon, X = 0.71073 A 
Cell parameters from 10102 reflections 
(9= 1.8-26.4° 
= 3.31 mm"' 
T= llOK 
Irregular, colourless 
0.23 X 0.19 X 0.13 mm 



89010 measured reflections 
13415 independent reflections 
10102 reflections with /> 2a{I) 
Rm = 0.039 



dmnK — 26.4°, 0m 

h = -27^27 
k= -23^21 
/ = -28^29 



1.8 
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Refinement 

Refinement on 
Least-squares matrix: full 

> 2a{I^y\ = 0.046 
wR{p) = 0.099 
S= 1.03 

13415 reflections 
612 parameters 
341 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on P-, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (t(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


II *IU 


11 


0.98362 (3) 


0.87545 (3) 


0.58137 (2) 


0.04502 (13) 


12 


1.0000 


1.0000 


0.73872 (3) 


0.0401 (2) 


Cul 


0.92257 (5) 


0.93441 (5) 


0.64411 (4) 


0.0433 (2) 


Cu2 


1.0000 


1.0000 


0.54664 (6) 


0.0437 (4) 


PI 


1.0000 


1.0000 


0.45024 (14) 


0.0444 (9) 


CI 


1.0170 (5) 


0.9357 (5) 


0.4165 (3) 


0.056 (2) 


HIA 


0.9796 


0.8883 


0.4281 


0.067* 


HIB 


1.0140 


0.9394 


0.3744 


0.067* 


C2 


1.0876 (5) 


0.9430 (5) 


0.4311 (4) 


0.055 (2) 


H2A 


1.0941 


0.9465 


0.4733 


0.066* 


H2B 


1.1254 


0.9868 


0.4139 


0.066* 


C3 


1.0940 (6) 


0.8809 (6) 


0.4090 (4) 


0.073 (3) 


H3A 


1.0837 


0.8748 


0.3674 


0.087* 


H3B 


1.0591 


0.8375 


0.4288 


0.087* 


C4 


1.1690 (6) 


0.8926 (6) 


0.4198 (5) 


0.085 (3) 


H4A 


1.2032 


0.9326 


0.3971 


0.127* 


H4B 


1.1705 


0.8504 


0.4085 


0.127* 


H4C 


1.1806 


0.9019 


0.4607 


0.127* 


P2 


0.82325 (12) 


0.84464 (12) 


0.67885 (9) 


0.0458 (5) 


C5 


0.8325 (5) 


0.8140 (5) 


0.7491 (3) 


0.052 (2) 


H5A 


0.8454 


0.8521 


0.7774 


0.063* 


H5B 


0.7865 


0.7741 


0.7608 


0.063* 


C6 


0.8872 (5) 


0.7907 (5) 


0.7513 (4) 


0.060 (2) 


H6A 


0.8666 


0.7438 


0.7332 


0.073* 



Occ. (<1) 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[o^(Fo2) + (OmUPy + 46.6098P] 

where /'=(F„2 + 2F/)/3 
(A/(t)„,, = 0.001 
AjOmax = 1 .62 e A"' 
Apmi„ = -1.16e A"' 

Absolute structure: Flack (1983), 6695 Friedel 
pairs 

Absolute structure parameter: -0.02 (2) 
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Mod 


0.9276 


A OT5 C 

0.5zi5 


A 'TOT? 

0.7273 


A AT? * 

0.073* 


C7 


0.9152 (7) 


0.7866 (6) 


A 0 1 A'^ / /I \ 

0.8102 (4) 


A AO /I \ 

0.084 (3) 


H7A 


0.9484 


0.7690 


A Of\C A 

0.8054 


A 1 AAA 

0.100* 


11-711 

H/a 


0.941 / 


0.6343 


0.8265 


0.100^ 


Co 


0.80/6 (5) 


0.7430 (8) 


n 0 A AT 

0.8497 (6) 


0.128 (5) 


H8A 


0.8282 


0.7584 


0.8534 


A 1 A'^ ifc 

0.192* 


MSB 


f\ 00A1 
O.oo43 


0. /45o 


A oon^ 
0.80 /2 


A 1 A'*)* 

0.192* 


H8C 


0.8395 


0.6944 


0.8360 


A 1 A-^ A 

0.192* 


C9 


0.7468 (5) 


0.8566 (6) 


0.6880 (4) 


0.067 (3) 


Tun A 

tiyA 


0. /334 


O.o66i 


0.6499 


A AO 1 * 

0.081^ 


H9B 


A TATA 

0.7070 


A 0 1 1 A 

0.8119 


0.7022 


A AO 1 * 

0.081* 


CIO 


Ki.l^bb (6) 


A A 1 1 'I t f\ 

0.9112 (6) 


0.7261 (5) 


A AT/' /T\ 

0.076 (3) 


T_ri n A 


U. /y4o 


0.9jo4 


n Tl 1 1 
0. / Ill 




HlOB 


0.7718 


A AA'^ A 

0.9030 


A A A 

0.7640 


A AA'^ A 

0.092* 


Cll 


0.6882 (6) 


A A1 /'C\ 

0.9169 (7) 


0.7346 (5) 


0.091 (4) 


HllA 


A T A A /I 

0.7004 


0.9594 


0.7575 


A 1 AArf; 

0.109* 


T_ri 1 D 
rlilrJ 


A /:n 1 /T 

0.0 /io 


(J.y226 


A ^Ci^C 

u.6y6j 


A 1 AA* 
0.109 


C12 


0.6287 (7) 


0.8531 (8) 


0.7646 (6) 


0.112 (4) 


H12A 


0.6145 


0.8111 




0.168* 


U 1 IT* 

H12B 


0.5o86 


A O/CA/I 
O.O6O4 


0. /69 / 


O.I6O* 


TT1 O/"' 

H12C 


C\ £1 A AO 

0.6448 


A 0 /f ^'A 

0.8469 


A OAT> 

0.8023 


A 1 £Oik 

0.168* 


C13 


0.7867 (5) 


0.7657 (5) 


0.6361 (3) 


A ACT 

0.057 (2) 


HI JA 


A 00 1 1 


A T /I A£ 

0.7496 


0.6333 


A AzTO* 

0.068* 


HiiB 


A T /I /I /I 

0.7444 


0.7285 


0.6555 


A A^O* 

0.068* 


C14 


0.7669 (7) 


yj.llbis (6) 


0.5752 (4) 


A AOT 

0.083 (3) 


TU 1 -1 A 

Hi4A 


A OAOA 

O.oOoO 


A 0 1 T5 

U.ol /3 


A z zn A 

0.55 /4 


A 1 AA* 
U.iUU 


H14B 


A 0 A 

0.7289 


A TO 0 O 

0.7883 


0.5779 


A 1 AAsk 

0.100* 


C15 


0.7423 (8) 


0.7115 (7) 


0.5360 (6) 


A 1 AO / A\ 

0.108 (4) 


TT1 C A 

H15A 


0.7055 


0.6695 


0.5562 


A 1 1 A* 

0.130* 


H15B 


0.7214 


0.7180 


0.5006 


A 1 0 Asfc 

0.130* 


ClO 


A TOO 0 / 1 '5 \ 
0. /960 (13) 


0.6998 (12) 


A COAA /'A\ 

o.52uy (y) 


0.200 (9j 


XJ1 /C A 

HloA 


O.o4z3 


A n A CA 

0. /45U 


A ^ 1 nz. 
0.51 /5 


A "JAA* 

0.300^ 


TT1 iTTl 

H16B 


A noo A 

0.7884 


A cnc 1 

0.6751 


A /I 0 /I A 

0.4840 


A 1AA* 

0.300* 


XJ1 

HloC 


A OA/I O 

0.0042 


A 1 ^ 
U.6 /15 


U.55U / 


A 1AA* 

0.300^ 


13 


0.666/ 


0.3333 


0.63630 (3) 


A A/1 z;o /T\ 

0.0468 (2) 


T A 

14 


A TA 1 i^" 1 //( \ 

0.79161 (4) 


A /( /( 1 CA /^\ 

0.44159 (5) 


0.79251 (3) 


0.0826 (3) 


Cu3 


0.67703 (7) 


0.41066 (7) 


A AT 1 //I \ 

0.72971 (4) 


A A/C; /I A \ 

0.0649 (3) 




U.666 / 


Aim 
0.3333 


U. 02526 (0) 


A AO A fn\ 

0.0834 ( /) 


P3 


A y^A 1 C "7 / 1 A\ 

0.69157 (19) 


0.51440 (17) 


A T A 1 *) A /I /'\ 

0.70139 (16) 


A AOTC /TW 

0.0875 (9) 


C17 


A £lCt\C\ /1 A\ 

0.6509 (10) 


A CCC^ /I A\ 

0.5582 (10) 


U.1291 (6) 


0.065 (6) 


T_ri "7 A 

rll /A 


U.66 /4 


A /^AOQ 

U.oU2o 


A TAO/r 

U. /U06 


A ATO* 
(J.U /O* 


H17B 


0.5996 


0.5292 


0.7237 


A ATO ifc 

0.078* 


C18 


A an n H /I A\ 

0.6656 (10) 


0.5741 (11) 


A TA 1 

0.7941 (6) 


A ATA / /'\ 

0.070 (6) 


tr 1 0 A 
HioA 


A T 1 
U. /15 / 


u.ouy3 


A TAAO 
0. /998 


A AO /I * 

U.Uo4* 


H18B 


0.6558 


0.5308 


0.8147 


0.084* 


C17A 


0.6452 (14) 


0.5360(11) 


0.7697 (12) 


0.075 (8) 


H17C 


0.5938 


0.5041 


0.7687 


0.090* 


H17D 


0.6633 


0.5284 


0.8064 


0.090* 


C18A 


0.6621 (12) 


0.6124 (10) 


0.7656 (8) 


0.075 (8) 



0.55 (2) 
0.55 (2) 
0.55 (2) 
0.55 (2) 
0.55 (2) 
0.55 (2) 
0.45 (2) 
0.45 (2) 
0.45 (2) 
0.45 (2) 
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T T 1 O/^ 

HlsC 


0.6428 


0.6zz4 


A TJ AO 

0.7308 


A AAA* 

0.090* 


0.45 (2) 


H18D 


0.7127 


0.6470 


A A A 

0.7700 


A AA AsIc 

0.090* 


0.45 (2) 




A /CI on /c>\ 


0.603 i (o) 


O.ozOz (6 J 


A 1 /I A 

0.140 (o) 




TT1 A A 

H19A 


0.5706 


0.5712 


A OA^'> 

0.8063 


A 1 £OA 

0.168* 


0.55 (2) 


TT 1 CiTi 


0.6181 


0.5956 


0.8622 


A 1 ^OA 

0.168* 


0.55 (2) 


H19C 


0.5690 


0.5661 


0.8168 


0.168* 


0.45 (2) 


HiyD 


0.64U1 


u.Dy6y 


0.8556 


A 1 /CO# 

0.168* 


0.4D (z) 


C20 


/'O 1 1 /I A\ 

0.6311 (10) 


A /' 1 C ^ tew 

Q.blSl (9) 


A O 1 C /ON 

0.8125 (8) 


A 1 CO /TN 

0.158 (7) 




T T-^ A A 


A uno A 

0.6784 


0.7096 


A C A 

0.8259 


A T* 

0.237* 






A CAjCI 


A /; o 1 1 


A An 
0.834/ 


O.zi 




TT^ 

H20C 




A Z'O A 

0.6839 


0.7717 


0.237* 




C21 


0.6658 (7) 


0.5116 (13) 


0.6206 (13) 


A AOO /0\ 

0.083 (8) 


0.66 (5) 


TJO 1 A 

rlziA 


A /^QOO 

o.oozy 


A CCAQ 


O.oOoO 


A 1 AA* 

0.100 


U.OD (3 ) 


H21B 


0.6868 


A A OC\A 

0.4894 


0.5971 


A 1 AAA 

0.100* 


0.66 (5) 


C21A 


0.6529 (13) 


A O / 1 1\ 

0.5238 (13) 


0.6461 (14) 


A A C y1 /I AN 

0.054 (10) 


0.34 (5) 


H21C 


0.6448 


0.5630 


0.6559 


0.065* 


0.34 (5) 


Hz ID 


0.6886 


f\ c A ^ /I 

0.5416 


A 1 

0.6152 


0.065* 


0.34 (5) 




0.3 o43 (6) 


0.4ooO (/) 


A £1 '7'*) //CA 
0.61 /z (0) 


Alio /C\ 

0.118 (p) 




H22A 


0.5651 


0.4974 


0.6314 


0.141* 


0.66 (5) 


tilla 


0.5677 


A A TTI 

0.4273 


0.6433 


A 1 /I 1 * 

0.141* 


0.66 (5) 


rLZzL- 




0.4 /oy 


V.OJDJ 


A 1 /1 1 * 
U.141 


A '2/1 
0.34 (^j J 


H22D 


0.5754 


A /I /I C 

0.4245 


A Z'T ^ A 

0.6369 


A 1 >1 1 A 

0.141* 


0.34 (5) 


C23 


0.5541 (11) 


0.4406 (10) 


0.5560 (6) 


0.167 (7) 




H23A 


A C 1 A 

0.5619 


A /I A 1 1 

0.4013 


0.5462 


A OA 1 * 

0.201* 




rlzjrJ 


U.DUz / 


A /lO 1 A 

o.4ziy 


U.JJOO 


A A1 * 




C24 


0.5850 (14) 


A A r\ A'~> /ION 

0.4942 (13) 


A C 1 AO /I A\ 

0.5108 (10) 


A C /I A\ 

0.265 (14) 




H24A 


0.5850 


0.5367 


0.5232 


A O AT sk 

0.397* 




Hz4rJ 


A zzn A 
O.JJ /4 


0.4/03 


A /I TC C 


A 1 AT* 

0.39/^ 




Hz4C 


0.6334 


A CAO 

0.5052 


A CA'5 C 

0.5035 


A lAT* 

0,397* 




C25 


0.7827 (6) 


0.5870 (6) 


A /'AAA 

0.6999 (5) 


A A A'l /AX 

0.092 (4) 




HzdA 


A TOT O 

0. /83z 


0.6305 




All A* 
0.110 




H25B 


0.8025 


0.5944 


A T? A'^ 

0.7392 


All A* 
0.110* 




C2o 


0.8288 (7) 


0.5735 (6) 


A ^CAA /C\ 

0.6590 (5) 


A AAC / A\ 

0.095 (4) 




H26A 


0.8146 


0.5751 


0.6189 


0.114* 




H26B 


0.8214 


0.5260 


0.6661 


0.114* 




(_z / 


A AA/TA /Q\ 

u.yuoy (a) 


U.OZ /O (6) 


U.OOOi (/) 


A 1 1 1 
U.ljl (j) 




T j^n A 

H27A 


A A 1 ^ A 

0.9120 


0.6747 


A ^^AT 

0.6697 


A 1 CT* 

0.157* 


0.52 (2) 


H27B 


0.9235 


0.6176 


A T An 

0.7027 


0.157* 


0.52 (2) 


H27C 


0.9164 


0.6458 


0.7061 


0.157* 


A AO /'^\ 

0.48 (2) 


rlz /JJ 


A AI^O 


A /TA^z: 

U.OUDO 


U.ODoJ 


A 1 

U.l J / 


A /I 0 /"OA 

0,4o (Z) 


C2o 


0.9527 (12) 


0.6291 (13) 


A ^ 1 A 1 /A\ 

0.6191 (9) 


A AA/I /0\ 

0.094 (8) 


0.52 (2) 


H28A 


0.9389 


0.6421 


0.5831 


0.141* 


0.52 (2) 


H28B 


A A /I TA 

0.9479 


0.5826 


r\ /"I Ai\ 

0.6149 


0.141* 


0.52 (2) 


HzoC 


1 A A 1 
l.UUlo 


U.oo3d 


A TA 

U.OZ /9 


A 1 /I 1 * 

U.14i* 


A CO /OA 

U.3Z (z) 


C28A 


0.9243 (16) 


0.6854 (13) 


0.6252 (11) 


0.112(11) 


0.48 (2) 


H28D 


0.9752 


0.7174 


0.6249 


0.168* 


0.48 (2) 


H28E 


0.9007 


0.7111 


0.6369 


0.168* 


0.48 (2) 


H28F 


0.9086 


0.6660 


0.5866 


0.168* 


0.48 (2) 


P4 


0.6667 


0.3333 


0.92200 (18) 


0.0867 (17) 
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L29 


0.5817 (6) 


A TAAO / iL\ 

0.3008 (6) 


A AC CO { A\ 

0.9553 (4) 


A AOO /O \ 

0.083 (3) 




JrLZyA 


A conn 
U.JO /(J 


o.zyy / 


A C\C\n A 

0.99/4 


A AAA* 

0.099^ 




H29B 


0.5647 


A 1 O'^ A 

0.3339 


f\ C\A '~lt\ 

0.9470 


A AAA* 

0.099* 




C30 


0.5275 (6) 


0.2290 (7) 


A AO CO / C\ 

0.9353 (5) 


A AOA /0\ 

0.089 (3) 




HjUA 


A C y1 y1 O 
U.D445 


0.1 9oU 


A A/ion 
0.9429 


A 1 AT* 
0.10 




H30B 


0.5213 


A 'I O AO 

0.2303 


A O AO O 

0.8933 


A 1 AT * 

0.107* 




C31 


0.4572 (8) 


A A 1 A /0\ 

0.2019 (8) 


A C\/l A'^ / /'\ 

0.9642 (6) 


A 1 '^A /C\ 

0.120 (5) 




H31A 


0.4392 


0.2340 


0.9553 


0.144* 




H31rs 


U.4o39 


A T AO O 


l.UUo4 






C32 


U.4U/ / (9) 


A 1 O O A /AA 
0.1280 (9) 


0.94o4 (/) 


A 1 /I ^ 

0.14o (6) 




H32A 


A /I A"^ 1 

0.4021 


A 1 O /I O 

0.1242 


A A A A C 

0.9045 


A O 1 A* 

0.219* 




T ^Tl 

HJiB 


0.3563 


All nci 

0.1179 


A ACAA 

0.9599 


A O 1 A* 

0.219* 




TU'3 O 


A /I 1 /IT 

0.4143 


A AAyl y1 
0.0944 


A A/CT A 

0.9634 


A O 1 A* 

0.219 




15 




0.666/ 


1.021)38 (4) 


A ACAT /'5\ 

0.059/ (3) 




16 


0.46756 (4) 


0.71941 (4) 


A O/'OAA /'^N 

0.86390 (2) 


A AT C 1 /'^\ 

0.0751 (2) 




Cu5 


0.38394 (7) 


0.75018 (7) 


A A'l/'/'l { A\ 

0.92661 (4) 


A A/'TA /OX 

0.0679 (3) 




Cud 


U.3333 


U.OOO / 


O.o306o \ l) 


A ATnc 

0.0/25 (6; 




P5 


0.3333 


0.6667 


A TOOAO /I ^\ 

0.73393 (16) 


0.0726 (14) 




C33 


0.3336 (7) 


0.5928 (6) 


A TAA^ / A\ 

0.7002 (4) 


A A O d /O \ 

0.084 (3) 




Hi 3 A 


0.Z5OO 


A CCAO 

0.5508 


A nf\z A 

0. /054 


A 1 A 1 * 
0.101^ 




TTT T> 

H33B 


A '> /I 1 A 

0.3410 


A ^AOt 1 

0.6021 


A £.CO A 

0.6584 


A 1 A 1 * 
0.101* 




C34 


0.3888 (6) 


0.5754 (6) 


A T^'^C / A\ 

U.1225 (4) 


A ATO /0\ 

0.078 (3) 




H34A 


0.4357 


A 1 OA 

0.6180 


A T 1 AO 

0.7198 


A AAO * 

0.093^ 




H34B 


0.3794 


0.5622 


0.7636 


A AAO * 

0.093* 




L35 


0.3894 (7) 


0.5163 (7) 


0.6896 (6) 


A 1 AA / A\ 

0.100 (4) 




H35A 


0.4016 


0.5302 


f\ £ A OA 

0.6489 


A 1 O A* 

0.120* 




CD 

H3dB 


U.342i 


0.4 /41 


A /COAT 

0.690/ 


A 1 O A* 

U. 12U* 




C3o 


U.44JJ (yj 




U. /158 (/) 


(J. 13 / (0) 




TTT ^ A 

H36A 


A /I AAO 

0.4908 


A CO OC 

0.5385 


A TAAA 

0.7099 


A OA^* 

0.206* 




H36B 


0.4390 


0.4570 


0.6972 


A OA/'* 

0.206* 




H36C 


A yl '5 /I '5 

0.4343 


A /I AAA 

o.4yoo 


V./J/L 


A OA/:;* 

0.206^ 




P6 


0.44960 (17) 


0.86037 (17) 


0.95844 (12) 


A ATO O /0\ 

0.0738 (8) 




C37 


AC^A1 /IIX 

0.5201 (11) 


A A 1 AA /C\\ 

0.9100 (9) 


A AAC? /I 1 \ 

0.9053 (11) 


A AC? /n\ 

0.083 (7) 


A CO /'0\ 

0.58 (2) 


rii /A 


A C /I /I T 

U.5443 


U.862 / 


A Gr\r\A 
U.8994 


A 1 AA* 
0.100 


A CO /'0\ 

0.58 (2) 


H37B 


0.4963 


A A AT O 

0.9078 


0.8686 


A 1 A A * 

0.100* 


0.58 (2) 


L38 


A cnn 1 /I A\ 

0.5771 (10) 


A AOO /I A\ 

0.9853 (10) 


A A 1 OT /0\ 

0.9127 (8) 


A 1 A /I /A\ 

0.104 (9) 


A CO /0\ 

0.58 (2) 




0.60/2 


A C\C\f\A 

0.9904 


A A /I /: A 


A IOC* 

0. 125 


A CO /^0\ 

0.58 (2) 


H38B 


0.5566 


1.0161 


0.9184 


0.125* 


0.58 (2) 


C37A 


0.5427 (12) 


A ATT^ /I OX 

0.9222 (13) 


A AO A f\ /0\ 

0.9340 (8) 


A ACO /T\ 

0.053 (7) 


0.42 (2) 


Hi /C 


0.5649 


0.9628 


A A/TAyl 
0.9604 


A A^yl * 
0.064* 


0.42 (2) 


H37D 


A cnf\f\ 

0.570U 


A O AT^ 

0.8976 


A AO cn 

0.9357 


A A/C /I * 

0.064* 


A /I O /0\ 

0.42 (2) 


C38A 


A C A An /0\ 

0.5447 (8) 


A A /I TA /l-^X 

0.9479 (12) 


A OTO /0\ 

0.8736 (8) 


A A/'C /OA 

0.065 (8) 


0.42 (2) 


TTI 0/~l 

H38C 


0.5133 


A A/nA 

0.9679 


A OTAO 

0.8708 


A ATO* 

0.078* 


0.42 (2) 




U.D2 /4 


A AATA 
0.9U/9 


A o -1 /: c 


A ATO* 
0.0/8* 


A /to /0\ 

0.42 (2) 


C39 


0.6193 (8) 


1.0038 (8) 


0.8566 (7) 


0.139 (6) 




H39A 


0.6362 


0.9711 


0.8468 


0.167* 


0.58 (2) 


H39B 


0.5950 


1.0105 


0.8235 


0.167* 


0.58 (2) 


H39C 


0.6436 


0.9767 


0.8511 


0.167* 


0.42 (2) 


H39D 


0.6135 


1.0179 


0.8175 


0.167* 


0.42 (2) 
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C40 


0.6744 (11) 


1.0712 


/I A\ 

(10) 




A O O O 1 /A\ 

0.8831 (9) 


A 1 AO /0\ 

0.192 (8) 




H40A 


0.6562 


1.1036 






0.8869 


A 'I O O sic 

0.288* 






U. /16z 


1 Am /I 
1.0924 












H40C 


0.6866 


1.0617 






A A'^ 1 

0.9212 


0.288* 




C41 


0.4796 (6) 


0.8673 


(6) 




1.0326 (5) 


0.076 (3) 




A 1 A 

H4iA 




A A 1 T 1 






1 f\A A £. 


A AA1 * 




H41B 


0.4382 


f\ O A A'> 

0.8403 






1.0576 


A A A 1 * 

0.091* 




C42 


A CJ A /I /'7\ 

0.5304 (7) 


A O ^ 1 1 

0.8411 


(7) 




1 A /I OA /C\ 

1.0420 (5) 


A A AO ^ A\ 

0.092 (4) 




rl4zA 


U.J /oo 


A QnZCi 

U.o / jy 






1.U2DJ 


A 1 1 A* 
(J.llU 




H42B 


0.5138 


0.7967 






1.0207 


0.110* 




C43 


0.5390 (7) 


A C^O A 

0.8284 


(8) 




1 1 f\'~lf\ /c\ 

1.1070 (5) 


A 1 A /I / A\ 

0.104 (4) 




H43A 


A /I A-^ /I 

0.4924 


0.7960 






1.1236 


0.125* 




rl4jr> 


U.J0B4 


A OA/; 1 






111 A/1 

i . i i U4 


A 1 O^* 




C44 


0.5728 (8) 


0.8966 


(8) 




1.1404 (7) 


A 1 O/' /^\ 

0.126 (5) 




H44A 


0.6206 


A A'^ 

0.9272 






1.1263 


A 1 O O A 

0.188* 




TJ A A T> 

H44r5 


A A A 

U.J /44 








1 1 O 1 1 

l.ioli 


A 1 OO* 




IT A A/^ 

H44C 


A C /I CO 

0.5453 


A AO A 1 

0.9201 






1 1 "? C /I 

1.1354 


A 1 O O* 




^ A C 

C45 


0.4063 (7) 


A A 1 C 

0.9125 


(7) 




A AZ'AA /C\ 

0.9600 (5) 


A AOA /0\ 

0.089 (3) 




TT/I C A 

H45A 


U.4410 


A A/T 1 A 

0.961U 






A c\n 1 T 

0.9717 


A 1 A^* 




H45B 


0.3906 


A A 1 /I O 

0.9148 






0.9206 


A 1 A/T* 

0.106* 




A£ 

C4o 


0.3447 (6) 


A O OCA 

0.8859 


(6) 




0.9992 (5) 


A AOA /OX 

0.080 (3) 




H4oA 


A "3 /CI A 

0.3610 


A OOTO 
0.66 /O 






1 A'3 AO 

1.0392 


A AA/C* 

0.096* 




H46B 


0.3119 


0.8360 






A AO A A 

0.9899 


A A A/' A 

0.096* 




C47 


A TACT 

0.3053 (7) 


0.9252 


(7) 




0.9964 (6) 


A A AO / /I \ 

0.093 (4) 




TT47 A 

jnt / /A. 


U.ZoyD 








u.yjot 


fl 1 T)* 




H47B 


0.3376 


0.9749 






1.0068 


0.112* 




C48 


0.2412 (8) 


0.8957 


(8) 




1.0362 (6) 


0.110(4) 




H48A 


0.2140 


0.8445 






1.0321 


0.164* 




H48B 


0.2118 


0.9158 






1.0257 


0.164* 




H48C 


0.2568 


0.9077 






1.0761 


0.164* 




Atomic displacement parameters (A^) 






JJ22 








jja 


11 


0.0568 (3) 


0.0457 (3) 


0, 


.0341 (2) 


0.0268 (3) 


0.0013 (2) 


-0.0033 (2) 


12 


0.0474 (3) 


0.0474 (3) 


0, 


.0255 (4) 


0.02371 (16) 


0.000 


0.000 


Cul 


0.0470 (6) 


0.0423 (5) 


0, 


.0341 (5) 


0.0175 (5) 


0.0006 (4) 


-0.0003 (4) 


Cu2 


0.0528 (6) 


0.0528 (6) 


0, 


.0253 (7) 


0.0264 (3) 


0.000 


0.000 


PI 


0.0528 (14) 


0.0528 (14) 


0, 


.0278 (16) 


1 0.0264 (7) 


0.000 


0.000 


CI 


0.072 (5) 


0.060 (5) 


0 


.036 (4) 


0.033 (4) 


0.001 (4) 


-0.005 (3) 


C2 


0.064 (5) 


0.061 (5) 


0 


.041 (4) 


0.032 (4) 


0.005 (4) 


-0.003 (4) 


C3 


0.096 (7) 


0.077 (6) 


0 


.061 (5) 


0.054 (5) 


-0.005 (5) 


-0.005 (4) 


C4 


0.089 (7) 


0.100(7) 


0, 


.085 (6) 


0.062 (6) 


0.001 (5) 


-0.004 (5) 


P2 


0.0462 (12) 


0.0488 (13) 


0, 


.0381 (10) 


1 0.0205 (11) 


0.0013 (9) 


0.0029 (9) 


C5 


0.062 (5) 


0.052 (5) 


0, 


.042 (4) 


0.028 (4) 


0.004 (4) 


0.010(3) 


C6 


0.081 (6) 


0.049 (5) 


0, 


.049 (4) 


0.031 (4) 


-0.011 (4) 


-0.001 (4) 


C7 


0.109 (7) 


0.083 (6) 


0 


.070 (6) 


0.056 (6) 


-0.017 (5) 


-0.002 (5) 


C8 


0.133 (9) 


0.121 (9) 


0, 


.116(8) 


0.054 (7) 


-0.019 (7) 


0.013 (7) 


C9 


0.067 (6) 


0.084 (6) 


0 


.056 (5) 


0.042 (5) 


0.005 (4) 


0.010(4) 


CIO 


0.075 (6) 


0.072 (6) 


0, 


.084 (6) 


0.038 (5) 


0.014 (5) 


0.000 (5) 
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1 1 




A 1 1 /I fQ\ 

U. 114 (o) 


u.u/y (o) 


A A/1A /AA 
U.U40 (o) 


A AAQ /^A 

U.UUo (j ) 


A AAA /AA 
U.UU6 (6) 


Clz 


0.104 (8) 


0,132 (9) 


A 1 1 /t /0\ 

0.114 (8) 


A ATI /n\ 

0.071 (7) 


A A 1 A //TA 

-0.010 (6) 


A AAC ^^\ 

0,005 (7) 


1 o 
Cli 




A AC7 / Z\ 

O.Oj / (j) 


0.046 (4) 


A A1 O //1A 

0.01 / (4) 


A AAC //1A 

—0.00 J (4) 


A AA/1 //1A 

0.004 (4) 


1 yl 
Cl4 


u.uyo (/) 


A ATO //^A 

0.0 /z (o) 


O.ODZ (D) 


A A1 A /^A 

o.oiy (j) 


A AOA /CA 

—0.020 (p) 


A AA/1 //1A 

—0.004 (4) 


Co 


A 1 1 T /0\ 

0.11 / (o) 


O.Oo / (/) 


A A A /I i'n\ 

o.oy4 ( / ) 


A A1 1 /iCA 
0.031 (6) 


A A1 iC //CA 

— U.U36 (6) 


A A 1 //CA 

—0.016 (6) 




A OAA /I 

o.zoy (13) 


A 1 AA /I T\ 

o.iyo (iz) 


0.1o3 (Iz) 


A AOO /AA 

0.08/ (y) 


A AA/1 /AA 

U.UU4 (y) 


A Al O /AA 

—0.038 (y) 


13 


O.OdoO (j) 


A ACOA 

O.OjoO (3) 


A AO/I C /"/lA 

0.0z43 (4) 


A AOAAA /I OA 

o.02yoo (1 /) 


A AAA 
U.OOU 


A AAA 
O.UOO 


14 


A AA 1 C 

o.oyo (oj 


0.1 Odd (6) 


A A1 Ol /'J A 

O.U3o3 (3) 


AA/1 AA /CA 
O.U40y (j) 


A A 1 /I O /I A 

— U.0148 (3) 


A A 1 O /C /I A 

— U.U186 (3) 


Cui 




A AT/^ 1 /OA 

U.U /ol (o ) 


A Al /I 0 A 

U.U34Z (j ) 


A A/1 1 A /OA 
U.U41U ( /) 


A AAAl /^A 
— O.OOUl (j) 


A AA^A /^A 

— 0.00j6 (j ) 


Cu4 


A 1 1 1 O /I T\ 

O.lllo {12) 


A 1 1 1 O /l 0\ 

O.lllo (Iz) 


0.0z66 (y) 


A AC C A /jCA 

o.ojjy (6) 


A AAA 
0.000 


A AAA 
O.UUO 


■D'2 

ri 


A AAA /OA 

o.oyo (2) 


A A/C/1 '3 /"I A\ 

0.0o43 (ly) 


A 1 A/i /OA 

0.104 (z) 


A A'^ CI /I OA 

0.03j3 (1 /) 


A A1 OA /I OA 
—0.01 /y (18) 


A AO AA /I OA 
— 0.026U (1 /) 


CI / 


A AT> /AA 

U.O/z (9) 


A ATA /A\ 

U.U /o (y) 


A A/CA /OA 

0.060 (8) 


A A /I A /OA 

0.040 (/) 


A AA/C /OA 
0.006 (/) 


A AAA /OA 
U.UUU (/) 


Clo 


A A^a /•Q\ 


A AAA ^Q\ 

u.uoo (y) 


A f\^l /QA 

U.Uj / (o) 


A nO/1 /OA 
U.UZ4 (/) 


A AA/1 /OA 

U.UU4 (/) 


A Al 1 /OA 
U.Uii (/) 


CI /A 


A AO'3 /I 1 A 

O.Ooi (11) 


A ATA / 1 1 \ 
0.0 /U (11) 


A AOA / 1 1 A 

0.0 /y (11) 


A A/I ■I /OA 

0.043 (8) 


A A1 /I /OA 

U.U14 (8) 


A AA/1 /OA 

0.004 (8) 


CloA 


A ATO / 1 1 \ 

O.O/o (11) 


0.066 (11) 


A f\n C /I 1 A 

O.U /6 (11) 


A A1 1 /OA 

0.U33 (8) 


A AAjC /OA 

U.UU6 (8) 


A AAA /OA 

O.ooy (8) 


ciy 


A 1 /OA 

0.1 zz (y) 


U.ioj (lU) 


A 1 A^ /OA 

O.lOj (o) 


A A/IO /OA 

o,U4y ( /) 


A AO 1 /OA 
U,U21 (/) 


A A/1 0 /OA 

— U.U4Z ( /) 


C/U 


A 1 a Q / 1 A\ 

U.ljo (lU) 


A 0 AA 
U.ZUU (il) 


A 1 0 Q /OA 

u.iZo (y) 


A HOC /QA 

U.U /o (o) 


A A 1 Q /OA 

u.uiy (/) 


A Al O /QA 

U.Uio (o) 


C21 


A AA/1 /I A\ 

o.oy4 (10) 


A f\n C /" 1 AA 

0,0/ J (10) 


A AO'3 /I 1 A 

0.0/3 (11) 


A A'3 0 /OA 

U.U3 / (/) 


A AAC /OA 

U.UOj (/) 


A A 1 A /OA 

U.uiy (/) 


1 A 

C21A 


A AjC A / 1 1 \ 

O.OoO (13) 


A AC7 ^^ o\ 

yj.yjj 1 (Iz) 


AA/10 /10A 

0.04z (iz) 


A AOO /AA 

0.02/ (y) 


A AAC /OA 

O.UOj (8) 


A Al O /OA 

— U.012 (8) 


C/z 


A 1 AO /Q\ 

o.loy (o) 


A 1 AO fQ\ 

0,1 oy (o) 


A 1 QA /OA 

0.136 (y) 


A A^ ^ /OA 

O.Ojj (/) 


A Al O /OA 

— u.uiy (/) 


A AAQ /OA 

0.008 (/) 


C23 


AIT! ^^ i\ 
0.1 /I (11) 


A 1 TA /I 1 A 
0, 1/0(11) 


A ^1Q / I AA 

0.13o (10) 


A AO/I /QA 

O.U/4 (8) 


A AlA /OA 

— U.03o (8) 


A AOA /QA 

U,U2o (8 ) 


C24 


O.zoO (lo) 


A '^AO /"I TA 

o,zoy (1 /) 


A OAA /1 OA 
O.ZOO (1 /) 


A All /I 1 A 

U.133 (11) 


A AA1 /1 AA 
0.001 (10) 


A A 1 O / 1 AA 

—0.01 / (10) 


C25 


A AA^ 

0.096 (7) 


A AO 1 /'7\ 

U.Ool (7) 


A AAA 

0.099 (7) 


f\ f\A H /ZTA 

0.046 (6) 


A AAA /^A 

0.000 (6) 


A A 1 A /CA 

-0.019 (5) 


C2o 


A AOO 

o.oy© (/) 


A AT'? /TA 

0.0/ / (/) 


A AOO /OA 

o.oyz (/) 


A A'2 1 /AA 

0.031 (o) 


A AAA /AA 

—0.006 (6) 


A A 1 A /^A 

—0.010 (j) 


Cz / 


A 1 0 1 /OA 

o.izi (y) 


A 1 1 A tC\\ 

o.iiy (y) 


A 1 O O /OA 

0.133 (y) 


A A/l^ /OA 

0.04j (/) 


A AAO /OA 

o.ooy (/) 


A AA1 /OA 
U.UUl (/) 


Czc 


A AO /I /I 1 \ 

o.oy4 (11) 


A AAO /I T\ 

u.oyo (iz) 


A AA1 /I 1 A 

o.oy3 (11) 


A AC 1 /OA 

O.OM (8) 


A AAjC /OA 

0.006 (8) 


A A 1 O /OA 

—0.01 / (8) 


CzSA 


A 1 1 A /I /1\ 

0.1 ly (14) 


A 1 1 O /I A\ 

U. Hz (14) 


A 1 A/C / 1 /I A 

0.106 (14) 


A ACA /I AA 

o.o^y (10) 


A AAI /AA 

0.U03 (y) 


A A 1 A /AA 

—0.010 (9) 


P4 


A 1 1 ^ \ 

0.116 (3) 


A 1 1 ^ ^'^\ 

0.116 (3) 


A A'l O /""W 

0.028 (2) 


AAC01 /1/lA 

0.0581 (14) 


A AAA 

o.uoo 


A AAA 

0.000 


C2y 


A 1 A 1 
0.101 (/) 


A 1 A/1 /"TA 
0.104 (/) 


A AlO //I A 

0,03z (4) 


A A/il /AA 
U,U43 (0) 


A AAO //I A 

u.uuy (4) 


A A1 1 //1A 

0.011 (4) 


C30 


0.097 (7) 


A 1 AT /"^A 

0.103 (7) 


A AC O /CA 

0.U58 (5) 


f\ f\A A /^A 

0.044 (6) 


A AAA /CA 

o.uoo (5) 


A A 1 A /CA 

0.019 (5) 


C31 


A 1 '1 0 / A\ 

0.128 (9) 


0.116 (8) 


A AA/1 /'TA 

0.094 (7) 


A A /I C /TA 

0.045 (7) 


A A 1 A /n\ 

-0.010 (7) 


A AAO /ZCA 

0.008 (6) 


C3z 


f\ ICC /I A\ 

U.lDD (10) 


A 1 /I O /AA 

0.142 (y) 


A 1 '>A ^Ci\ 

0.120 (9) 


A ACA tn\ 
0.0D9 (/) 


A A1 1 /TA 
0.011 (/) 


A A 1 A /TA 
0.019 (/) 


Ij 


O.O/Ol p) 


O.O/Ol (j) 


A AOTA fA\ 
0.02 /O (4) 


A AT OA f'^\ 

0.03o0 (2) 


A AAA 
0.000 


A AAA 
0.000 


lo 


O.Oooo (3) 


0.1004 (3) 


A A1 O 1 /I \ 

0.03ol (3) 


A A/IAC f A\ 

0.0465 (4) 


A AAAC /1A 
O.OOyD (3) 


A A A 1 1 /T A 

—0.0011 (3) 


CU3 


A A0 1 1 iC\\ 

0.0833 (9) 


A AOOI /A\ 

0.0823 (9) 


0.03D4 (D) 


A A1 A1 /0\ 

0.0393 (8) 


A AA 1 A /AA 
0.0014 (6) 


A AA 1 O /CA 

—0.0012 (5) 


Cut) 


A AA/1 A /I A\ 

0.0y44 (10) 


A AO/I /I /"I A^ 

0.0y44 (10) 


A AOOC /0\ 

0.020J (y) 


A A/IT'*) /CA 
0.04/2 (D) 


A AAA 
0.000 


A AAA 
0.000 


rj 


A AOC /0\ 

o.oyj (2) 


A AOC 

o.oys (2) 


A AO/^O / 1 0\ 

u.uzoy (lo) 


0.04 / / (1 1) 


A AAA 
U.UUU 


A AAA 
U.UUU 


C33 


A AQO 

u.usy ( / j 


A AOO tn\ 

o.oyy ( /) 


A ACO /'AA 

U.Ujo (0) 


A f\A 0 /AA 
U.U4Z (0) 


A AAC /CA 

U.OOj (j) 


A AAC /CA 

— U.UUj (3) 


C34 


A AAO /T\ 

0.092 (/) 


A AAA 
0.090 (/) 


A AC A /C \ 
0.059 (3) 


A AO /CA 

0.0-)2 (p) 


A AAT /CA 

0.002 (p) 


A AA A /CA 

—0.004 (3) 


C3j 


A AAO /''7\ 

o.oy2 (/) 


A 1 AO {n\ 
0.102 ( /) 


A 1 AO /OA 
0.102 (/) 


A A/I A /AA 
0.040 (0) 


A AAI /AA 
0.003 (0) 


A AAO /AA 
—O.ooy (0) 


C3o 


A 1 CA /■! A^ 

U.IjU (,iuj 


Alii 

0.131 (y) 


A 1 /I A /'0\ 

U.14U (y) 


A ATO /OA 
U.U /6 (5 ) 


A A 1 O /TA 

U.Ulz ( /) 


A AAA ^^\ 
—0.006 ( /) 


ro 


A AOA 

0.080 (1) 


A ATTO / 1 A\ 
0.0/ 11 (19) 


A AAO A /I 
0.0680 (1 /) 


AA/ni /1TA 
0.0421 (1 /) 


A AAO A / 1 /I A 

0.008y (14) 


A AA/1 A /I /I A 

0.0044 (14) 


C3 / 


A AOC /! A\ 

O.Ooj (10) 


A AT2 ^1 A\ 
0.0/3 (10) 


A A01 /I 1 \ 

o.oyi (11) 


A A'JO /OA 

o.o3y (o) 


A AAQ /OA 

—0.008 (o) 


A AA/1 /OA 

—0.004 (o) 


Cjo 


A 1 AO / 1 0\ 

0.102 (12) 


0.103 (12) 


A IA'5 /lOA 
0.103 (12) 


A A/1 O /AA 

0.045 (y) 


A AAA /OA 
—O.ooy (6) 


A AA"? /OA 

—0.003 (a) 


C37A 


0.046 (10) 


0.059 (10) 


0.049 (9) 


0.022 (7) 


0.005 (7) 


0.003 (7) 


C38A 


0.060(10) 


0.075 (11) 


0.060(10) 


0.033 (8) 


0.010(7) 


0.005 (8) 


039 


0.133 (9) 


0.143 (9) 


0.149 (9) 


0.074 (7) 


0.027 (7) 


0.053 (7) 


€40 


0.195 (12) 


0.209 (12) 


0.180(11) 


0.106 (9) 


-0.007 (8) 


0.041 (9) 


041 


0.078 (6) 


0.070 (6) 


0.080 (6) 


0.037 (5) 


-0.009 (5) 


-0.017(5) 
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U42 


U.1U4 {/ ) 


U.U/ / (d) U.lUz (/) 


A AC 1 

0.051 (d) 


A A1 /I /ZTX 

—0.014 (0) 


A A 1 /: /c\ 

— O.Olo (5) 


CA'X 


0 007 ^'7^ 
yJ.yJy ' yl ) 


0 1 70 ^'8^ 0 OQQ (1\ 


0 0^8 


—0 0 1 1 /'^^ 


—0 0 1 


C44 


0.113 (8) 


0.143 (9) 0.134(9) 


0.074 (7) 


-0.023 (7) 


-0.043 (7) 


C45 


0.103 (7) 


0.092 (7) 0.081 (6) 


0.056 (6) 


0.013 (5) 


0.008 (5) 


C46 


0.093 (7) 


0.084 (6) 0.069 (6) 


0.050 (5) 


0.011 (5) 


0.006 (5) 


C47 


0.096 (7) 


0.095 (7) 0.098 (7) 


0.055 (6) 


0.002 (6) 


0.002 (6) 


C48 


0.117(8) 


0.123 (8) 0.101 (7) 


0.068 (7) 


0.006 (6) 


0.010 (6) 


Geometric parameters (A 










11— Cul' 




2.6578 (11) 


C22 — H22C 




A AAAA 

0.9900 


11— Cu2 




2.7032 (7) 


C22 — H22D 




A AAAA 

0.9900 


11— Cul 




2.7137 (11) 


C23 — C24 




1 A nf\ / 1 A\ 

1.470 (10) 


12— Cul 




2.7161 (12) 


C2J — H23A 




A AAAA 

0.9900 


12— Cul" 




Z. / iol (1 i) 


C2J — Hzirs 




A AAAA 
0.9900 


12— Cul' 




2.7161 (12) 


C24 — H24A 




A AOAA 

0.9800 


Cul— P2 




2.240 (2) 


C24 — H24B 




A AOAA 

0.9800 


Cul— 11" 




2.6578 (11) 


C24 — H24C 




A AOAA 

0.9800 


Cul— Cul' 


i 


2.7535 (17) 


C25 — C2o 




1.526 (16) 


Cul— Cul' 




2.7535 (17) 


C25 — H25A 




A AAAA 

0.9900 


Cul— Cu2 




2.7702 (15) 


C25 — H25B 




A AAAA 

0.9900 


Cu2— PI 




^ /"t A A / A\ 

2.244 (4) 


C26 — C27 




1 CO A /I 0\ 

1.534 (18) 


Cu2— 11' 




2.7032 (7) 


C2o — H26A 




A AAAA 

0.9900 


Cu2— 11" 




2.7033 (7) 


C26 — H26B 




A AAAA 

0.9900 


Cu2— Cul' 


i 


2,7701 (15) 


L-21 — C28 




1 /I OA /I A\ 

1.480 (10) 


Cu2— Cul' 




2.7702 (15) 


C27 — C28A 




1 AO ^ /I A\ 

1.481 (10) 


PI— CI 




1.812 (9) 


/" ■ -7 TTT7 A 

C27 — ^H27A 




A AAAA 

0.9900 


PI— CI' 




1.812 (9) 


C27 — ^H27B 




A AAAA 

0.9900 


PI— CI" 




1.812 (9) 


C27 — ^H27C 




A AAAA 

0.9900 


CI— C2 




1 CIA 

1.520 (12) 


C27 — H27D 




A AAAA 

0.9900 


CI— HI A 




A AAAA 

o.yyoo 


C2o — H2oA 




A AOAA 

0.9800 


CI— HIB 




A AAAA 

0.9900 


C28 — ^H28B 




A AOAA 

0.9800 


C2— C3 




1.530 (13) 


C28 — H28C 




A AOAA 

0.9800 


C2— H2A 




A AAAA 

0.9900 


C25A — H28D 




A AOAA 

0.9800 


C2— H2B 




A AAAA 

0.9900 


C2oA — H2ob 




A AOAA 

0.9800 


C3— C4 




1.559 (15) 


C28A — ^H28F 




A AOAA 

0.9800 


C3— H3A 




A AAAA 

0.9900 


P4 — C29" 




1 OA A / 1 1 \ 

1.809 (11) 


C3— H3B 




A AAAA 

0.9900 


P4 — C29 




1 OA A / 1 1 \ 

1.809 (11) 


C4— H4A 




A AOAA 

0.9800 


P4 — C29 




1 0 AA / 1 1 \ 

1.809 (11) 


C4— H4B 




A AOAA 

0.9800 


C29 — C30 




1 c A A / 1 zr\ 

1.500 (16) 


C4— H4C 




A AOAA 

0.9800 


-\ /"v TT'^A A 

C29 — H29A 




A AAAA 

0.9900 


P2— C13 




1 OAC /A\ 

1.805 (9) 


C29 — H29B 




A AAAA 

0.9900 


P2— C5 




i.6i9 (6) 


C30 — C31 




i.D09 (is) 


P2— C9 




1 O /I 1 /I A\ 

1.841 (10) 


/"'OA TTOA A 

C30 — H30A 




A AAAA 

0.9900 


C5— C6 




1.527(13) 


C30— H30B 




0.9900 


C5— H5A 




0.9900 


C31— C32 




1.52 (2) 


C5— H5B 




0.9900 


C31— H31A 




0.9900 


C6— C7 




1.525 (12) 


C31— H31B 




0.9900 


C6— H6A 




0.9900 


C32— H32A 




0.9800 


C6— H6B 




0.9900 


C32— H32B 




0.9800 
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C7 — Cs 


1.410 (17) 


C7 — H7A 


A AAAA 

o.yyoo 


C7 — ^H7B 


A AAAA 

0.9900 


/~<0 TTO A 


A AOAA 




A AOAA 


C8 — H8C 


A AOAA 

0.9800 


C9 — CIO 


1.421 (13) 


TTA A 


A AAAA 

(J. 9900 


TTHT) 

C9 — H9B 


A AAAA 

0.9900 


CIO — Cll 


1 ^OO 

1.583 (15) 


1 A TT1 A A 

CIO — ^HlOA 


A AAAA 

0.9900 


CIO — HlOB 


A AAAA 

0.9900 


Cll — Clz 


1.528 (17) 


Cll — HllA 


0.9900 


Cll — HUB 


A AAAA 

0.9900 


1 T T 1 A 

C12 — H12A 


A AOAA 

0.9800 


1 T T T 1 TD 

Ciz — HlzB 


A AOAA 

0.9o00 


C12 — H12C 


A AOAA 

0.9800 


C13 — C14 


1.536 (12) 


Cli — H13A 


A AAAA 

0.9900 


C13 — H13B 


A AAAA 

0.9900 


C14 — C15 


1 CCA /I /'\ 

1.554 (16) 


/"I 1 T T 1 >1 A 

C14 — H14A 


A AAAA 

0.9900 


TT1/IT> 

C14 — H14B 


A AAAA 

0.9900 


C15 — C16 


1.43 (2) 


C15 — H15A 


A AAAA 

0.9900 


Ci5 — H15B 


A AAAA 

0.9900 


Clo — HloA 


A AOAA 

0.9800 


Clo ^HlOD 


0.9800 


C16 — H16C 


A AOAA 

0.9800 


13 — Cu3 


'1 ^AA A / 1 \ 

2.6994 (13) 


13 — Cu3 


^AA /I / 1 \ 

2.6994 (13) 


13 — Cu3 


2.0993 (13) 


14 — Cu3 


'I /^AAA /1 C\ 

2.6909 (15) 


14 — Cu3 


2.6923 (15) 


14 — Cu4 


2.6956 (11) 


Cu3 — r3 


2.240 (4) 


Cu3 — 14 


z.o9z4 


Cu3 — Cu4 


•~\ n A A A / 1 A\ 

2.7400 (19) 


Cu3 — Cu3 


2.771 (2) 


Cu3 — Cu3 


2.771 (2) 


Cu4 — P4 


2.251 (5) 


Cu4 — 14 


^AC C / 1 A\ 

2.6955 (10) 


Cll4 — 14 


2.6958 (lU) 


Cu4— Cu3'" 


2.7398 (19) 


Cu4— Cu3" 


2.7399 (19) 


P3— C21A 


1.61 (3) 


P3— C17 


1.739(17) 


P3— C25 


1.836(13) 



C3z — H3zC 


A AOAA 

0.9800 


15 — Cu5" 


'~\ nf\o 1 /I '?\ 

2.7081 (13) 


15 — Cu5^ 


TAO 1 /I '>\ 

2.7081 (13) 


15 — Cu5 


T AO 1 /I TN 

2.7081 (13) 


lo — Cud 


T /CO /1 1 /I c^ 

z.oo41 (lo) 


16 — Cu5 


2.6872 (14) 


16 — Cu6 


^AAA /A\ 

2.6909 (9) 


Cu5 — P6 


^ A / A\ 

2.2i9 (4) 


Cuj — lo 


■T /CO /I 1 /I C\ 

Z.oo41 (Ij) 


Cu5 — Cu6 


O T /I A A / 1 0\ 

2.7490 (18) 


Cu5 — Cu5" 


2.777 (2) 


Cu5 — Cu5' 


2.777 (2) 


Cu6 — Pj 


2.252 (4) 


Cu6 — 16" 


^ ^A 1 A /'A\ 

2.6910 (9) 


Cu6 — 16* 


1 ^ A 1 1 /'A\ 

2.6911 (9) 


Cu6 — Cu5" 


'I T /I A 1 / 1 0\ 

2.7491 (18) 


Cu6 — Cu5 


"T T /I A 1 /I 0\ 

2.7491 (18) 


P5 — C33^ 


1 O A A /I 1 \ 

1.809 (11) 


P5 — C33 


1 OA A / 1 1 \ 

1.809 (11) 


P5 — C33" 


1 O AA / 1 1 \ 

1.809 (11) 


C33 — C34 


1.534 (15) 


'> TT'^ "5 A 

C33 — ^H33A 


A AAAA 

0.9900 


C33 — H33B 


A AAAA 

0.9900 


C34 — C35 


1.518 (16) 


C34 — H34A 


A AAAA 

0.9900 


C34 — H34B 


A AAAA 

0.9900 


C35 — C36 


1 C A /I A\ 

1.543 (19) 


f^'^ C TTT C A 

C35 — H35A 


A AAAA 

0.9900 


C3d — HJDB 


A AAAA 
0.9900 


C36 — H36A 


A AOAA 

0.9800 


C36 — H36B 


A AOAA 

0.9800 


C36 — ^H36C 


A AOAA 

0.9800 


Ti^ AC 

P6 — C45 


1.823 (12) 


P6 — C41 


1.826 (11) 


P6 — C37 


1 OC /^\ 

1.85 (2) 


P6 — C37A 


1 OA /'^\ 

1.89 (2) 


C37 — C38 


1 C A "7 / 1 A\ 

1.507 (10) 


/~^in T TT n A 

C37 — H37A 


A AAAA 

0.9900 


C37 — ^H37B 


A AAAA 

0.9900 


C38 — C39 


1 C5 C /I A\ 

1.535 (10) 


/^'? O T O A 

C3o — H38A 


A AAAA 

0.9900 


C38 — H38B 


A AAAA 

0.9900 


C37A — C38A 


1 C AO /I A\ 

1.508 (10) 


C3 /A — Hi /C 


A AAAA 
0.9900 


C37A— H37D 


0.9900 


C38A— C39 


1.530 (10) 


C38A— H38C 


0.9900 


C38A— H38D 


0.9900 


C39— C40 


1.502 (10) 
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P3 — C21 


1.96 (3) 


C39 — H39A 


A AAAA 

0.9900 


P3 — C17A 


2.07 (3) 


C39 — H39B 


A AAAA 

0.9900 


C17 — C18 


1.538 (10) 


C39 — ^H39C 


A AAAA 

0.9900 


1 T TT1 n A 

C17 — ^H17A 


0.9900 


/~i O A T ATX 

C39 — ^H39D 


A AAAA 

0.9900 


C17 — H17B 


A AAAA 

0.9900 


/— • A rv TT,1 A A 

C40 — H4UA 


A AOAA 

0.9800 


Cl8 — C19 


1 C7C / 1 A\ 

1.575 (10) 


/I A TT,1 AT~) 

C40 — ^H40B 


A AOAA 

0.9800 


1 O TT1 O A 

C18 — ^H18A 


A AAAA 

0.9900 


C40 — ^H40C 


A AOAA 

0.9800 


C18 — H18B 


A AAAA 

0.9900 


C41 — C42 


1 C A A / 1 C\ 

1.509 (15) 


CI / A — LloA 


1.534 (10) 


C41 — H41 A 


0.9900 


C17A — H17C 


A AAAA 

0.9900 


C41 — H41B 


A AAAA 

0.9900 


1 T A T T 1 Tr\ 

C17A — ^H17D 


A AAAA 

0.9900 


C42 — C43 


1.567 (17) 


C18A — C19 


1 ^ T O /I A\ 

1.538 (10) 


C42 — H42A 


A AAAA 

0.9900 


CloA — ^HloC 


A AAAA 

0.9900 


C4z — H4zB 


A AAAA 

0.9900 


O A TT1 OT\ 

C18A — H18D 


A AAAA 

0.9900 


C43 — C44 


1.515 (18) 


C19 — C20 


1 /I A'l /A\ 

1.492 (9) 


C43 — H43A 


A AAAA 

0.9900 


1 r\ T T 1 r\ A 

C19 — H19A 


A AAAA 

0.9900 


C43 — H43B 


A AAAA 

0.9900 




A AAAA 

0.9900 


A A Jl A A \ 

C44 — H44A 


A AOAA 

0.9800 


1 n TT1 


0.9900 


A A IT A ATi 

C44 — H44B 


A AOAA 

0.9800 


C19 — H19D 


0.9900 


C44 — H44C 


r\ c\Ci f\r\ 

0.9800 


C20 — H20A 


A AOAA 

0.9800 


C45 — C46 


1.489 (15) 


C2U — ^HzUd 


0.9o00 


C4^ — H43A 


A AAAA 

0.9900 


C20 — H20C 


A AOAA 

0.9800 


C45 — H45B 


A AAAA 

0.9900 


C21 — C22 


1.556 (9) 


C46 — C47 


1.501 (15) 


Czl — H21A 


A AAAA 

0.9900 


C46 — ^H46A 


A AAAA 

0.9900 


Czl Hi IB 


A AAAA 

0.9900 


C46 — H46B 


A AAAA 

0.9900 


C21A— C22 


1.544(10) 


C47— C48 


1.533 (17) 


C21A— H21C 


0.9900 


C47— H47A 


0.9900 


CzlA — Hz ID 


A AAAA 

0.9900 


C47 — H47B 


A AAAA 

0.9900 


Czz — Czi 


1 CCA /A\ 

1.559 (9) 


AO TTA 0 A 

C4o — ^H45A 


A AOAA 

0.9800 


/~^T> TTT1 A 

C22 — H22A 


A AAAA 

0.9900 


/' ^ AC) 1 J A OT~l 

C48 — H48B 


A AOAA 

0.9800 


C22 — H22B 


A AAAA 

0.9900 


/' ^ AC} 1 J A 0 f ^ 

C48 — ^H48C 


A AOAA 

0.9800 


Cul — 11 — Cu2 


62.22 (3) 


/~''^'5 r^'^'^ TTT** A 

Czi — C2z — H22A 


1 AO C 

108.5 


Cul' — 11 — Cul 


61.67 (4) 


C2 1 A — C22 — H22B 


103.0 


Cu2 — 11 — Cul 


61.51 (3) 


1 r^'^^ T T-^ "^T^ 

C2 1 — C22 — H22B 


108.5 


Cul — 12 — Cul 


^A A1 / A\ 

60.91 (4) 


C23 — C22 — H22B 


1 AO C 

108.5 


Cul — 12 — Cul 


A A 1 / A\ 

60.91 (4) 


H22A — C22 — H22B 


107.5 


Cul" — 12 — Cul' 


/'A A 1 /' A \ 

60.91 (4) 


C2 1 A — C22 — ilLlL. 


102.1 


P2 — Cul — 11 


1 A A C /TX 

109.25 (7) 


C21 — C22 — \\X1Q. 


128.9 


P2 — Cul — 11 


1 AC TA /''7\ 

105.70 (7) 


Cz3 — C22 — H22C 


1 A'^ 1 

102.1 


T 1 ii /^,, 1 T 1 

11 — Cul — 11 


llz.5o (4) 


HzzA — C22 — H22C 


22.3 


P2 — Cul — 12 


104.61 (6) 


H22B — C22 — H22C 


90.3 


11" — Cul — 12 


11'^ C\A / A\ 

112.94 (4) 


C2 1 A — C22 — H22D 


1 A^ 1 

102.1 


11 — Cul — 12 


111 lOZ-IX 

111.18 (4) 


C2 1 — C2/ — tiZZU 


1 AA C 

100.6 


P2— Cul— Cul" 


146.32 (8) 


C23— C22— H22D 


102.1 


11"— Cul— Cul" 


60.17(4) 


H22A— C22— H22D 


122.3 


11— Cul— Cul" 


107.80 (3) 


H22B— C22— H22D 


14.8 


12— Cul— Cul" 


59.544 (18) 


H22C— C22— H22D 


104.8 


P2— Cul— Cul' 


141.32 (8) 


C24— C23— C22 


114.0(18) 
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11 — Cul — Cul 


109.43 (3) 


11 — Cul — Cul 


58.17 (4) 


12 — Cul — Cul' 


59.544 (18) 


Cul — Cul — Cul 


60.0 


r z — Cu 1 — Cuz 


146. 10 {/) 


11 — Cul — Cu2 


cc\ nf\ /^\ 

59.70 (2) 


11 — Cul — Cu2 


59.06 (2) 


Iz — Cul — Cuz 


109.15 (4) 


Cu i — Cu 1 — Cuz 


/;a OA /o\ 
60. ZO (z) 


Cul — Cu 1 — Cu2 


^A "OA /0\ 

60.20 (2) 


rl — Cuz — 11 


107.40 (3) 


rl — Cuz — 11 


107.40 (3) 


11 — Cuz — 11 


111 /n /"5 \ 
111.4/ (i) 


Tit ^ Tlii 

rl — Cuz — 11 


1 AT A A /TX 

107.40 (3) 


ir — Cu2 — 11" 


111.46 (3) 


T 1 Tlii 

11 — Cu2 — 11" 


111.46 (3) 


r 1 — Cuz — Cu 1 


1/1/1 no /I \ 
144. (3) 


1 1 — Cu2 — Cu 1 


CO AO /'^\ 

58.08 (3) 


T 1 1 ii 

11 — Cu2 — Cul" 


1 AT /''^ /C\ 

107.62 (5) 


Tlii /~", , o /~^,,lii 

1 1 — Cu2 — Cu 1 


CA A'i 

59.43 (3) 


rl — Cuz — Cul 


144.98 (j) 


11 — Cu2 — Cul 


CA /IT /'?\ 

59.43 (3) 


11 — Cu2 — Cul' 


CO A A /T\ 

58.09 (3) 


11 — Cu2 — Cul 


1 AT /C\ 

107.62 (5) 


Cu 1 — Cu2 — Cu 1 


CA ^A 

59.60 (4) 


PI — Cu2 — Cul 


144.98 (3) 


ir — Cu2 — Cul 


1 AT /' /C\ 

107.62 (5) 


11 — Cu2 — Cul 


59.43 (3) 


1 1 — Cuz — Cu 1 


CO A A /"3\ 

58.09 (3) 


Cu 1 " — Cu2 — Cu 1 


C A /'A / /I \ 

59.60 (4) 


Cu 1 — Cu2 — Cu 1 


CA ZTA 

59.60 (4) 


CI — rl — Cr 


1 A'^ ^ /T\ 

102.6 (3) 


CI — rl — CI 


lOz.6 (3) 


Cr — PI — Cl" 


102.6 (3) 


Cl — PI — Cu2 


115.7 (3) 


cr — PI — Cu2 


115.7 (3) 


Cl" — PI — Cu2 


115.6 (3) 


C2 — Cl — PI 


114.9 (6) 


TT1A 

Cz — Cl — HI A 


1 AO C 

108.5 


T4 1 f^t TT1 A 

PI — Cl — ^HIA 


1 AO C 

108.5 


^1 T T 1 T~> 

C2 — Cl — HIB 


108.5 


PI — Cl — HIB 


108.5 


TT1 A f^t TT1 T^ 

HIA — Cl — ^HIB 


1 AT C 

107.5 


Cl— C2— C3 


112.2 (8) 


Cl— C2— H2A 


109.2 


C3— C2— H2A 


109.2 


Cl— C2— H2B 


109.2 


C3— C2— H2B 


109.2 


H2A— C2— H2B 


107.9 



C24 — C23 — H23A 


108.7 


/"I'^O TT-^T A 

C22 — C23 — H23A 


108.7 


C24 — C23 — ^H23B 


108.7 


C22 — C23 — H23B 


1 AO T 

108.7 


H23A — C23 — H23B 


107.6 


C23 — C24 — H24A 


109.5 


C23 — C24 — H24B 


1 AA C 

109.5 


H24A — C24 — H24B 


109.5 


C23 — C24 — H24C 


109.5 


H24A — C24 — H24C 


109.5 


T T'^ A T\ A T A /~i 

H24B — C24 — ^H24C 


109.5 


C26 — C25 — P3 


112.7 (8) 


Cz6 — Cz5 — Hz5A 


1 AA 1 

109.1 


P3 — C25 — H25A 


109.1 


C26 — C25 — H25B 


109.1 


P3 — C25 — H25B 


109.1 


TT'lC A /^'^C TT-OCT^ 

H25A — C25 — H25B 


107.8 


C25 — C26 — C27 


112.1 (11) 


C25 — C26 — H26A 


109.2 


C27 — C26 — H26A 


109.2 


Cz5 — Cz6 — tUba 


1 AA 

109.2 


C27 — C26 — H26B 


109.2 


T T'^ A /~1 ^ T T'^ 

H26A — C26 — H26B 


107.9 


/^OO /^"OT /~^00 A 

C28 — C27 — C28A 


67.7 (15) 


/~l'^0 /~*'^T /'^'^Z' 

C28 — C27 — C26 


1 t A A /I ^\ 

114.9 (16) 


C28A — C27 — C26 


1 /\T / 1 0\ 

107.6 (18) 


C28 — C27 — H27A 


108.5 


/^"OO A /^"OT TT-OT A 

C28A — C27 — H27A 


46.1 


/~^'*>T Ty^T A 

C26 — C27 — H27A 


1 AO C 

108.5 


C28 — C27 — H27B 


108.5 


C28A — C27 — H27B 


141.0 


C26 — C27 — H27B 


1 AO C 

108.5 


TT'^T A /~*'^T TT'^Tyi 

H27A — C27 — ^H27B 


1 AT C 

107.5 


C28 — C27 — H27C 


133.1 


C28A — C27 — H27C 


110.2 


C26 — C27 — H27C 


110.2 


TT-OT A /"^-OT TT'OT^ 

H27A — C27 — H27C 


67.0 


T T'^ Ty\ T Ty^T/~1 

H27B — C27 — H27C 


42.4 


C28 — C27 — H27D 


43.5 


C28A — C27 — H27D 


1 1 A 

110.2 


C26 — C27 — H27D 


110.2 


TT'^T A /^i^T T T-^ Ty\ 

H27A — C27 — H27D 


139.8 


H27B — C27 — H27D 


69.8 


H27C— C27— H27D 


108.5 


C27— C28— H28A 


109.5 


C27— C28— H28B 


109.5 


C27— €28— H28C 


109.5 


C27— C28A— H28D 


109.5 


C27— C28A— H28E 


109.5 
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L2 — C3 — C4 


111 ^ i'tW 

111.2 (9) 


C2 — C3 — H3A 


109.4 


/~1 /I f^^'y TTI A 

C4 — C3 — H3A 


1 f\C\ A 

109.4 


C2 — C3 — H3B 


1 t\C\ A 

109.4 


C4 — C3 — H3B 


109.4 


H3A — C3 — H3B 


108.0 


C3 — C4 — H4A 


109.5 


C J — C4 — H4B 


1 AA C 

109.5 


U/l A /I T T /I D 


1 AA C 


C3 — C4 — H4C 


1 AA C 

109.5 


H4A — C4 — H4C 


109.5 


H4B — C4 — H4L 


1 AA C 

109.5 


Ci3 — rz — C5 


1 AO /; 
iOz.O (4) 


L13 — P2 — C9 


1 A1 ^ /C\ 

101. 0 (5) 


C5 — P2 — C9 


1 AT 'I / /I \ 

103.2 (4) 


Cl3 — rz — Clil 


114.7 (3) 


C5 — P2 — Cui 


114.3 (3) 


C9 — P2 — Cul 


1 1 O O /' A\ 

118.3 (4) 


Co — C5 — P2 


114.0 (6) 


r^i^ TTC A 

Co — C5 — ^H5A 


1 AO O 

108.8 


T*0 f^C TTC A 

Yl — C5 — H5A 


1 AO O 

108.8 


Co — C5 — ^H5B 


1 AO O 

108.8 


P2 — C5 — H5B 


108.8 


H5A — C5 — H5B 


1 AT ^ 

107.6 


C7 — Co — C5 


117.4 (8) 


C7 — Co — H6A 


108.0 


C5 — Co — H6A 


108.0 


"7 TTzTT^ 

C7 — Co — HoB 


1 AO A 

108.0 


C5 — Co — ^HoB 


1 AO A 

108.0 


TT/' A /' TTzm 

HoA — Co — HoB 


107.2 


C8 — C7 — Co 


114.2 (11) 


/~10 /"^T XT'? A 

C8 — C7 — ^H7A 


1 AO n 

108.7 


/"IT XT'? A 

Co — C7 — H7A 


1 AO n 

108.7 


/~^0 /~''7 TT^T~> 

C8 — C7 — H7B 


108.7 


/~^/' TT'TT^ 

Co — C7 — H7B 


108.7 


XXT A /"^T XT'm 

H7A — C7 — ^H7B 


1 AT /T 

107.6 


r^n r^o tto a 

C7 — C 6 — H8 A 


1 AA C 

109.5 


/~^o ttot^ 

C7 — C 8 — H8B 


1 AA C 

109.5 


TTO A d^O TTOT^ 

H8A — Co — H8B 


109.5 


C7 — C8 — ^H8C 


1 AA C 

109.5 


TTO A r~^0 TTO/"' 

Ho A — Co — HoC 


1 AA C 

109.5 


TTOr~> i^O TTO/"' 

H8B — C8 — H8C 


109.5 


CIO — C9 — P2 


115.5 (8) 


CiU — C9 — H9A 


1 AO yl 


P2— C9— H9A 


108.4 


CIO— C9— H9B 


108.4 


P2— C9— H9B 


108.4 


H9A— C9— H9B 


107.5 


C9— CIO— Cll 


113.3 (10) 



TT'lOTN /"'OO A TT'^OT"' 

H28D — C28A — H28E 


109.5 


/" ' -\ -7 /"i^O A TT'lOT^ 

C27 — C28A — H28F 


109.5 


H28D — C28A — ^H28F 


1 AA C 

109.5 


XT'^OX7 i^^O A XX'^OT"' 

H2 8E — C2 8 A — Wl 8F 


1 AA C 

109.5 


/"'I Aiv T* A /""^ A 

C29 — P4 — C29 


1 AO A ^ A\ 

103.0 (4) 


/"''I Aiv Tl A r^^C\\\\ 

C29 — P4 — C29 


1 AO A / A \ 

103.0 (4) 


/~10 A T~» /I /"i*^ Alii 

C29 — P4 — C29™ 


1 AO A / yl ^ 

103.0 (4) 


C29" — P4 — Cu4 


115.3 (3) 


C29 — P4 — Cu4 


115.3 (3) 


C29'" — P4 — Cu4 


115.3 (3) 


C30 — C29 — ^P4 


1 1 0 A /fJ\ 

113.9 (8) 


/"'OA /"''^A TT'IA A 

C30 — C29 — H29A 


108.8 


T\ A /""^A TT-^A A 

P4 — C29 — ^H29A 


108.8 


C30 — C29 — H29B 


108.8 


P4 — C29 — H29B 


108.8 


H29A — C29 — H29B 


107.7 


C29 — C30 — C31 


110 0 /11\ 

113.3 (11) 


/~i'**A /~''>A TTOA A 

C29 — C30 — H30A 


1 AO A 

108.9 


C31 — C30 — H30A 


108.9 


C29 — C30 — H30B 


108.9 


/~iO 1 /"IIA XTOAn 

C31 — C30 — H30B 


1 AO A 

108.9 


TTIA A /~^'>A TTIAT^ 

H30A — C30 — H30B 


107.7 


C30 — C31 — C32 


114.0 (14) 


/"'OA /"'O 1 TTO 1 A 

C30 — C31 — H31A 


108.7 


/"'O'^ /"'O 1 XTO 1 A 

C32 — C31 — H31A 


1 AO "1 

108.7 


C30 — C31 — H31B 


108.7 


C32 — C3 1 — H3 IB 


108.7 


TTO 1 A /"'O 1 TTO 1 

H31A — C31 — H31B 


107.6 


/~iO 1 /"'O XXO 0 A 

C3 1 — C32 — ^H32A 


1 AA C 

109.5 


/~1 0 1 /^O -O TTO OT^ 

C3 1 — C32 — H32B 


109.5 


TTO'l A /'^O'^ TTO-^T^ 

H32A — C32 — H32B 


109.5 


/~iO 1 /"lO**! XXO'^/~< 

C31 — C32 — ^H32C 


1 AA C 

109.5 


H32A — Ci2 — HiZC 


1 AA C 

109.5 


TTOOT^ /^O -O TTO'0/~i 

H32B — C32 — H32C 


109.5 


L\x5^ — 15 — Cu5" 


/' 1 T A / /I \ 

61.70 (4) 


Cu5^ — 15 — Cu5 


Z"! Z'A /C\ 

61.69 (5) 


Cu5" — 15 — Cu5 


61.69 (5) 


/"' Cvi T/" ^ c 

Cu5" — 16 — Cu5 


/'O OT /'/'X 

62.27 (6) 


/"' Cvi T/" ^ /' 

Cu5" — 16 — Cu6 


61.52 (4) 


/"< c xz" /"I itr 

Cu5 — 16 — Cu6 


Z" 1 0 \ 

61.48 (4) 


Tl/' /"' C T/'v 

P6 — Cu5 — 16^ 


1 A/' '^A /A\ 

106.29 (9) 


P6 — Cu5 — 16 


1 AT /I "7 /A\ 

107.47 (9) 


X/Tv C TZ" 

16^ — Cu5 — 16 


112.44 (5) 


P6 — Cu5 — 15 


1 A/i; AO /'0\ 

106.98 (8) 


16^— Cu5— 15 


111.68 (5) 


16— Cu5— 15 


111.58(5) 


P6— Cu5— Cu6 


145.00 (9) 


16^— Cu5— Cu6 


59.37 (3) 


16— Cu5— Cu6 


59.33 (3) 
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C9 — CIO — HlOA 


108.9 


Cll — CIO — ^HlOA 


108.9 


C9 — CIO — HlOB 


108.9 


Cll — CIO — ^HlOB 


108.9 


HlOA — CIO — HlOB 


107.7 


C12 — Cll — CIO 


113.4 (11) 


/~i 1 11 TT1 1 A 

C12 — Cll — ^HllA 


108.9 


1 11 T T 1 1 A 

CIO — Cll — HllA 


108.9 


C12 — Cll — HUB 


108.9 


1 11 T T 1 1 r~» 

CIO — Cll — HUB 


108.9 


TT 1 1 A /~1 11 TT 1 1 T* 

HllA — Cll — HUB 


107.7 


y~1 1 1 /~1 1 T T 1 A 

Cll — C12 — H12A 


109.5 


Cll — C12 — H12B 


109.5 


TT1 A 1 TT1 '^n 

H12A — C12 — H12B 


109.5 


1 1 y^ '\ r\ T T 1 ^ y^ 

Cll — C12 — H12C 


109.5 


T T 1 A 1 T T 1 /~1 

H12A — C12 — H12C 


109.5 


H12B — C12 — H12C 


109.5 


C14 — C13 — P2 


112.4 (7) 


y^ 1 yl /~1 1 O TT 1 A 

C14 — CI 3 — H13A 


109.1 


r*!^ y~i 1 o T T 1 '> A 

P2 — C13 — HI 3 A 


109.1 


C14 — C13 — ^H13B 


1 f\C\ 1 

109.1 


P2 — C13 — H13B 


109.1 


T T 1 A y^ 1 T T 1 ^ 

H13A — C13 — H13B 


107.9 


y^ 1 O 1 /I y^ 1 ^ 

C13 — C14 — C15 


1 1 -o r\ /I /^\ 

112.9 (10) 




109.0 


y^ 1 ^ 1/1 T T 1 H A 

C15 — C14 — H14A 


109.0 


y^ 1 '> y^ 1/1 T T 1 ,1 T^ 

C13 — C14 — H14B 


109.0 


C15 — C14 — H14B 


109.0 


TT1 A A 1 /( TT1 AT\ 

H14A — C14 — ^H14B 


1 AT O 

107.8 


y^ 1 y^ 1 ^ y^ 1 A 

C16 — C15 — C14 


112.2 (14) 


y^ 1 y' y^ 1 ^ T T 1 ^ A 

C16 — C15 — H15A 


109.2 


/~1 1 *1 1 ^ TT1 ^ A 

C14 — C15 — ^H15A 


109.2 


Clo — C15 — H15B 


1 t\C\ 

109.2 


y~1 1 A /~1 1 C TT1 ^T^ 

C14 — CI 5 — H15B 


109.2 


TT1 C A y^ 1 C TT1 ^ T~» 

H15A — C15 — H15B 


107.9 


C15 — Clo — H16A 


1 t\c\ c 

109.5 


1 C 1 y^ T T 1 /"V^ 

C15 — Clo — HloB 


109.5 


T T 1 /' A 1 T T 1 y'T"* 

H16A — Clo — HloB 


109.5 


C15 — Clo — H16C 


109.5 


H16A — Clo — H16C 


1 f\C\ c 

109.5 


TT1 /'T^ 1 f TT1 

H 1 6B — C 1 6 — H 1 oC 


109.5 


Cu3"' — 13 — Cu3 


61.76 (5) 


111 TT T IV 

Cu3™ — 13 — Cu3" 


yfl T/T / C\ 

61.76 (5) 


Cu3 — 13 — Cu3 ' 


61.76 (5) 


Cu3— 14— Cu3'" 


61.96 (5) 


Cu3— 14— Cu4 


61.15 (4) 


Cu3"'— 14— Cu4 


61.13(5) 


P3— Cu3— 14 


105.29(10) 


P3— Cu3— 14" 


105.90(11) 



15 — Cu5 — Cu6 


1 AO AO /C\ 

108.02 (5) 


P6 — Cu5 — Cu5" 


145.35 (11) 


16^ — Cu5 — Cu5" 


108.36 (5) 


16 — Cu5 — CuS'^ 


CO 01 /c\ 

58.81 (5) 


15 — Cu5 — Cu5 


CA 1 C /'TX 

59.15 (2) 


Cu6 — Cu5 — Cu5" 


CA /T\ 

59.66 (3) 


P6 — Cu5 — Cu5^ 


1 /I /I '^Z' /I A\ 

144.26 (10) 


16 — Lu5 — Lu5 


CO A1 /CN 

58.92 (5) 


lo — Cu J 


1 AO /c^ 
l(Jo.z6 (5) 


15 — Cu5 — Cu5 


CA 1 C 

59.15 (2) 


Cu6 — Cu5 — Cu5^ 


cn ^£ 

59.66 (3) 


/^,,Cvi /^,,C /^,,Cv 

Cu5" — Cu5 — Cu5^ 


^A A 

60.0 


— Cu6 — 16 


1 AiC TA / A\ 

106. /O (4) 


P5 — Cu6 — 16^^ 


1 A^ TA 

106.70 (4) 


16 — Cu6 — 16" 


1 1 T 1 A \ 

112.10 (3) 


T»C r^-.-.£L T^v 

P5 — Cud — 16 


1 A^ T A \ 

106.70 (4) 


16 — Cu6 — 16 


liz.lU (3j 


16'' — Cu6 — 16' 


11'^ A A /'>\ 

112.09 (3) 


P5 — Cu6 — Cu5 


AAA TO /O \ 

144.32 (3) 


16 — Cu6 — Cu5 


C A 1 A /,1 \ 

59.19 (4) 


16 — Cu6 — CUJ 


lUo.yo (6) 


16' — Cu6 — Cu5 


59.12 (4) 


T^C /' Cv 

P5 — Cu6 — Cu5' 


1/1/1 T /T \ 

144.32 (3) 


16 — Cu6 — Cu5 


1 AO AO { n\ 

108.98 (6) 


16 — Cu6 — Cu J 


CA 1 1 //1\ 

59.11 (4) 


16' — Cu6 — Cu5' 


C A 1 A i A\ 

59.19 (4) 


/"^ C y^ Cv 

Cu5 — Cu6 — Cu5' 


60.68 (6) 


r5 — Cu6 — Cu5 


AAA T T /I \ 

144.32 (3) 


16 — Cu6 — CU3 


CA 1 O //IN 

59.12 (4) 


T^vi r^-,^ /^,,Cvi 

16 — Cu6 — Lu5 


C A 1 A / /I \ 

59.19 (4) 


16' — Cu6 — Cu5 


1 AO AO //:r\ 

108.98 (6) 


Cu5 — Cu6 — Cu5" 


£f\ ^o /zr\ 

60.68 (6) 


CU3 — Cu6 — Cud 


/CA /CO 

6U.6o (6) 


C33' — P5 — C33 


1 A-T / /I \ 

102.6 (4) 


/"^OOv TIC /^'J'Jvi 

C33 — P5 — C33 


1 AO C / /I \ 

102.5 (4) 


C33 — ^P5 — C33" 


102.6 (4) 


C33 — P5 — Cu6 


lie n //I \ 

115.7 (4) 


y^TO T*C /' 

C33 — P5 — Cu6 


115.7 (3) 


/— 1 o O vi Tl C y^ 

C33" — P5 — Cu6 


115.7 (3) 


C34 — C33 — P5 


1 1 c o /o\ 

115,8 (8) 


C34 — C33 — H33A 


1 AO 1 

108.3 


T»C /"^TO TTOO A 

P5 — C33 — H33A 


108.3 


C34 — C33 — H33B 


1 AO T 

108.3 


P5— C33 — H33B 


108.3 


H33A— C33— H33B 


107.4 


C35— C34— C33 


113.0(10) 


C35— C34— H34A 


109.0 


C33— C34— H34A 


109.0 


C35— C34— H34B 


109.0 
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14 — Cu3 — 14'^ 


112.59 (5) 


P3 — Cu3 — 13 


1 Art T> /I A\ 

109.23 (10) 


14 — C.u3 — B 


111 f C\ 

111.73 (5) 


14" — Cu3 — 13 


111 

111.68 (5) 


P3 — Cu3 — Cu4 


1 /I O /I /I A\ 

142.84 (10) 


14 — Cu3 — Cu4 


59.51 (3) 


14" — Cu3 — Cu4 


59.50 (3) 


13 — Cu3 — Cu4 


1 AT A"? /C\ 

107.93 (5) 


ri — CllJ — Cuj 


^ A z c? / 1 1\ 
145.5 / (IZ) 


14 — Cu3 — Cu3 


C A A /I /C\ 

59.04 (5) 


14" — Cu3 — Cu3 


1 AO /I T /C\ 

108.47 (5) 


13 — Cu3 — Lu3 


59.12 (2) 


Cu4 — Cuj — CuJ 


CA /CT /1\ 

59.02 (3) 


P3 — Cu3 — Cu3" 


146.15 (11) 


14 — Cu3 — Cu3 


1 AO C 1 /C\ 

108.51 (5) 


14'"^ — Cu3 — Cu3 


CO AA /C\ 

58.99 (5) 


T1 /" \ , 1 r \ . o iv 

13 — Cu3 — Cu3 


CA 1 O 

59.12 (2) 


Cu4 — Cu3 — Cu3" 


59.62 (3) 


Cu3 "' — Cu3 — Cu3 " 


60.0 


T* /I /I T /I iii 

P4 — Cu4 — 14 


1 A^ /II / /I \ 

106.43 (4) 


P4 — Cu4 — 14 


1 A/C /I"! 

106.43 (4) 


14 — Cu4 — 14 


11'^ //IX 

112.33 (4) 


P4 — Cu4 — 14™ 


lAy' /lO //1\ 

106.43 (4) 


T/1 iii /~^,, A J A iv 

14 — Cu4 — 14 


ll'l 11 //l\ 

112.33 (4) 


TA i^-., A T^iv 

14 — Cu4 — 14"^ 


112.33 (4) 


T* A A f ^ O iii 

P4 — Cu4 — Cu3 "' 


1 A A /TX 

144.28 (3) 


T A iii A *) iii 

14"' — Cu4 — Cu3 "' 


c r\ 1 A / A \ 

59.34 (4) 


T/1 , A /^,,Tiii 

14 — Cu4 — Cu3 


C A in ^ A\ 

59.37 (4) 


T/1 iv f~^-.-. A , o Hi 

14 — Cu4 — Cui 


1 A A '*)A /'TA 
109.29 (/) 


P4 — Cu4 — Cu3 " 


1 /1/1 n /TX 

144.27 (3) 


T/liii /" ^, . A /^,,oiv 

14'" — Cu4 — Cu3" 


C A T T / /I \ 

59.37 (4) 


14 — Cu4 — Cu3 " 


1 AA ^A /n\ 

109.29 (7) 


T/1 iv f~^-.-. A /~^- - o iv 

14 — Cu4 — Cu3 


^A 1A ^A\ 

59.34 (4) 


Cu3"' — Cu4 — Cu3'^ 


60.75 (6) 


P4 — Cu4 — Cu3 


AAA n /T \ 

144.27 (3) 


14"^ — Cu4 — Cu3 


1 A A '^A /'n\ 

109.29 (7) 


14 — Cu4 — CllJ 


C A 1/1 A\ 

59.34 (4) 


T/liv /" ■". . /I /'•.-> 

14"^ — Cu4 — Cu3 


C A TO //I \ 

59.38 (4) 


/~^,,'Jiii r^-- A /" •• . , o 

Cu3 — Cu4 — Cu3 


60.75 (6) 


Cu3" — Cu4 — Cu3 


60.75 (6) 


CzlA — Pi — L17 


77.3 (15) 


C21A — P3 — C25 


^ r\ii A /I A\ 

106.9 (10) 


C17 — P3 — L25 


AA C /0\ 

99.5 (8) 


C21A — ri — C21 


11. 1 (11) 


C17— P3— C21 


99.2(11) 


C25— P3— C21 


100.5 (6) 


C21A— P3— C17A 


103.4(17) 


C17— P3— C17A 


29.8 (7) 


C25— P3— C17A 


105.3 (8) 



C33 — C34 — H34B 


109.0 


H34A — C34 — H34B 


107.8 


C34 — C35 — C36 


110.6 (11) 


C34 — C35 — H35A 


109.5 


/— • r~^1 C TTIC A 

C36 — C35 — H35A 


109.5 


C34 — C35 — H35B 


109.5 


/"iT C TT1 CT~» 

C36 — C35 — H35B 


109.5 


H35A — C35 — H35B 


108.1 


C35 — C36 — H36A 


109.5 


C35 — C36 — H36B 


109.5 


TTO/" A /~^Oy^ TTO/'T^ 

H36A — C36 — H36B 


109.5 


/"'O C /^O TTO /'/"^ 

C35 — C36 — H36C 


109.5 


Hi 6 A — C-3 6 — H3 6C 


1 AA C 

109.5 


H3 6B — C3 6 — H3 6C 


1 AA C 

109.5 


C45 — P6 — C41 


102.1 (5) 


C45 — P6 — C37 


1 A 1 A /0\ 

101.0 (8) 


C41 — P6 — C37 


1 1 /I o /o\ 

114.8 (8) 


C45 — P6 — C37A 


1 AC O /0\ 

105.8 (8) 


/~1 A 1 T^ /^O A 

C41 — P6 — C37A 


90.5 (7) 


/— lOT TiZT /^OT A 

C37 — P6 — C37A 


24.4 (7) 


C45 — ^P6 — Cu5 


1 1 c c /c\ 

115.5 (5) 


C41 — P6 — Cu5 


1 1 A A / A\ 

114.4 (4) 


C37 — P6 — Cu5 


108.3 (6) 


/^OT A T\/' /"I ^ 

C37A — P6 — Cu5 


1 A A /OX 

124.0 (8) 


C38 — C37 — P6 


1 A /I C\ 

124.2 (15) 


O O O ^ TTO^ A 

C38 — C37 — H37A 


106.3 


l^'S'—l T TO ^ A 

P6 — C37 — H37A 


106.3 


/~i o O f~' O T TTO ~7 

C38 — C37 — H37B 


106.3 


T*/' i^'T? TTOTT^ 

P6 — C37 — ^H37B 


1 A/T 

106.3 


T TO T A l^^'S'—l TTO^T~» 

H37A — C37 — H37B 


106.4 


C37 — C38 — C39 


104.7 (14) 


/~1T7 /~1'>0 TT10 A 

C37 — C38 — ^H38A 


1 1 A O 

110.8 


C39 — C38 — H38A 


1 1 A O 

110.8 


/~i O ^ /~10 D TTOOT^ 

C37 — C38 — H38B 


110.8 


/~1 O /~\ /^O O TTOOT^ 

C39 — C38 — H38B 


110.8 


TTOO A /"^OfJ TTOOT^ 

H38A — C38 — H38B 


108.9 


/^OO A /^o 1 A Tl/' 

C38A — C37A — P6 


111.7 (14) 


/^OO A /"I o 1 A TTOTy^ 

C38A — C37A — H37C 


109.3 


/ /"i -> A TTO'T/"! 

P6 — C37A — H37C 


109.3 


/~100 A /"^OT A TTO'TT^ 

C38A — C37A — H37D 


109.3 


T\/' /^OT A TTOTT^ 

P6 — C37A — H37D 


109.3 


TTOT/^ y^O A TTO^T~\ 

H3 7C — C3 7 A — H3 7D 


107.9 


/"lO'? A A /~iOA 

C37A — C38A — C39 


111.2 (15) 


C37A — Lj8A — H38C 


1 An A 

109.4 


C39— C38A— H38C 


109.4 


C37A— C38A— H38D 


109.4 


C39— C38A— H38D 


109.4 


H38C— C38A— H38D 


108.0 


C40— C39— C38A 


134.3 (18) 
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Czl — ri — L17A 


IOC T /"I 

125.3 (12) 


C21A — P3 — Cu3 


123.4 (9) 


CI 7 — P3 — Cu3 


127.0 (7) 


C25 — ^P3 — Lu3 


115.5 (4) 


Czl — rh — Cui 


111 1 /r\\ 

111.1 (9) 


C17A — P3 — Cu3 


99.9 (6) 


C18 — C17 — P3 


112.9 (12) 


Clo — L17 — H17A 


1 f\c\ r\ 

109.0 


r>') TT1TA 

r J — C 1 7 — H 1 7 A 


109.0 


C18 — C17 — H17B 


109.0 


P3 — C17 — ^H17B 


1 Art A 

109.0 


H17A — C17 — H17B 


107.8 


c-17 — CIS — ciy 


111 '1/1'1\ 

lll.z (Iz) 


r^'Kn o ttioa 

C17 — CIS — HloA 


1 Art /I 

109.4 


C19 — C18 — H18A 


1 Art /I 

109.4 


1 T 1 O T T 1 OT~J 

C17 — C18 — H18B 


109.4 


r~y 1 /"A /^10 TT10T> 

Cly — Clo — H18B 


1 Art y1 

109.4 


TT1 O A 1 O TT1 OT^ 

H18A — C18 — H18B 


1 AO A 

108.0 


C 1 8 A — C 1 7A — P3 


1 Art 1 / 1 >l N 

109.1 (14) 


/~^10A /^ITA TTIT/^ 

LloA — C17A — Hi7C 


1 Art rt 

109.9 


ri — C17A — ^H17C 


109.9 


/~110A /"^ITA TT1 TT^ 

C18A — C17A — H17D 


1 Art rt 

109.9 


riT 1 ^7 A TT 1 "7 T~\ 

P3 — C 1 7 A — H 1 7D 


109.9 


TT1'7/~' 1 T A TTITT^ 

H17C — C17A — H17D 


1 AO T 

108.3 


L17A — C18A — C19 


90.4 (14) 


/—I 1 T A 1 o A T T 1 O /"^ 

C17A — C18A — H18C 


113.6 


C19 — C18A — H18C 


113.6 


/^ITA /^lOA TT1 OT\ 

C17A — CloA — HleD 


1 1 T ^ 

113.6 


/~<10A TT1 OT\ 

Ciy — CloA — HloD 


1 1 T ^ 

113.6 


TT 1 O i"^ 1 O A T T 1 OT^ 

H18C — C18A — H18D 


110.8 


C20 — CI 9 — C18A 


OA A / 1 O \ 

89.4 (13) 


C20 — C19 — C18 


125.6 (15) 


C18A — C19 — L18 


41.6 (10) 


C20 — C19 — HI 9 A 


105.9 


1 O A /'~* -1 rv T T 1 r\ A 

C18A — C19 — H19A 


101.5 


/~<10 TT1AA 

C18 — C19 — H19A 


1 AC rt 

105.9 


CzU — C 1 9 — H 1 9B 


105.9 


C 1 8 A — C 1 9 — H 1 9B 


142.8 


C18 — C19 — H19B 


105.9 


TTIrtA f^l t\ TT1 C\T^ 

H19A — C19 — H19B 


1 A^ T 

106.3 


CzU — C 1 9 — H 1 9C 


1 13.7 


C18A — C19 — H19C 


113.7 


C18 — C19 — H19C 


1 AO C 

108.5 


H19A— C19— H19C 


15.3 


H19B— C19— H19C 


91.2 


C20— C19— H19D 


113.7 


C18A— C19— H19D 


113.7 


C18— C19— H19D 


79.4 


H19A— C19— H19D 


126.0 



C40 — C39 — C38 


Ort £. ( ^ C\ 

89.6 (15) 


C38A — C39 — C38 


45.9 (11) 


/~^At\ /~<1A TTOrt A 

C40 — C39 — H39A 


1 1 O T 

113.7 


o A /^'^ A jy? rt A 

L3 8 A — C3 9 — H3 9 A 


96.8 


/~^'?0 /^TA TTTrtA 

L j fS — L 3 9 — Hi 9 A 


1 1 O T 

113.7 


■> A r\ /^O r\ T TO rtn 

C40 — C39 — H39B 


113.7 


/~lOO A /~^'>rt TTIrtT^ 

C38A — C39 — H39B 


OO 1 

83.1 


O O rt T TT AT~> 

C38 — C39 — H39B 


113.7 


TT'JAA /^TA TTTAT^ 

Hi 9 A — Li 9 — Hi 9B 


1 1 1 A 

111.0 


A A OA T TO A/^ 

C40 — C39 — H39C 


103.6 


/~110 A /"^Irt TTOrt/~1 

C38A — C39 — H39C 


1 rto z" 

103.6 


C38 — C39 — H39C 


112.9 


TTOAA /^OA TTOA/"' 

H3 9 A — C3 9 — H3 9C 


1 A O 

10.3 


TTOrtT^ /~<OA TTOrt/"' 

H3 9B — C 3 9 — H3 9C 


1 1 rt A 

119.0 


/—I /I A /" O r\ T TO AT~\ 

C40 — C39 — H39D 


103.6 


/^OO A /^OA TTOATA 

C38A — C39 — H39D 


103.6 


/~^0 O /^OA TTOA1~\ 

C38 — C39 — H39D 


1 o c '^ 

135.2 


TTOrt A /~*Ort TTOrtT^ 

H39A — C39 — H39D 


Art rt 

99.9 


T TO AT~> /^O A T TO AT~\ 

H39B — C39 — H39D 


22.2 


TTOrt/"^ /^OA TTOrtTA 

H39C — C39 — H39D 


1 AC O 

105.3 


C39 — C40 — H40A 


1 AA C 

109.5 


C39 — C40 — ^H40B 


1 AA C 

109.5 


H40A — C40 — H40B 


109.5 


/^O A A f\ T T /I A/^ 

C39 — C40 — H40C 


109.5 


TTylAA Af\ fJ A A/~* 

H4UA — C40 — H4UC 


1 AA C 

109.5 


H40B — C40 — H40C 


109.5 


C42 — €41 — P6 


114.3 (8) 


A'^ A i TT/I1A 

C4z — C4 1 — H4 1 A 


1 AO n 

108.7 


T>Zr <^ /I 1 TT/1 1 A 

ro — C41 — ^H41A 


1 AO n 

108.7 


C42 — C4 1 — H4 1 B 


108.7 


n/^ /II T T /I 1 T~> 

P6 — C41 — ^H41B 


108.7 


H41A — C41 — H41B 


107.6 


e~^A-\ r^A'^ r^A"^ 
C4 1 — C42 — C43 


1 1 O /I 1 \ 

112.6 (11) 


C4 1 — C42 — H42A 


109.0 


C43 — C42 — H42A 


109.0 


C4 1 — C42 — ^H42B 


1 rtrt rt 

109.0 


C4i — C4z — H4zB 


1 AA A 

109.0 


T T /I O A /I T T >1 "^T^ 

H42A — C42 — H42B 


107.8 


/"I A A ^ ■• A O A 

C44 — C43 — C42 


111 O i '\ '~\\ 

111.3 (12) 


A A /~^/IO TT/(OA 

C44 — C43 — H43A 


1 Art A 

109.4 


/—I ^ /" /IT T T >1 O A 

C42 — C43 — H43A 


109.4 


/-I ^ A /"■< A T T /I O T~* 

C44 — C43 — H43B 


109.4 


C42 — C43 — H43B 


1 Art A 

109.4 


H43A— C43— H43B 


108.0 


C43— C44— H44A 


109.5 


C43— C44— H44B 


109.5 


H44A C44 H44B 


109.5 


C43— C44— H44C 


109.5 


H44A— C44— H44C 


109.5 
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H19B— C19— H19D 
H19C— C19— H19D 
C19— C20— H20A 
C19— C20— H20B 
H20A— C20— H20B 
C19— C20— H20C 
H20A— C20— H20C 
H20B— C20— H20C 
C22— C21— P3 
C22— C21— H21A 
P3— C21— H21A 
C22— C21— H21B 
P3— C21— H21B 
H21A— C21— H21B 
C22— C21A— P3 
C22— C21A— H21C 
P3— C21A— H21C 
C22— C21A— H21D 
P3— C21A— H21D 
H21C— C21A— H21D 
C21A— C22— C21 
C21A— C22— C23 
C21— C22— C23 
C21A— C22— H22A 
C21— C22— H22A 



29.1 

111.0 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

107.2 (14) 

110.3 

110.3 

110.3 

110.3 

108.5 

127.9(19) 

105.3 

105.3 

105.3 

105.3 

106.0 

28.5 (10) 

139.8(18) 

115.0(17) 

84.4 

108.5 



H44B— C44— H44C 
C46— C45— P6 
C46— C45— H45A 
P6— C45— H45A 
C46— C45— H45B 
P6— C45— H45B 
H45A— C45— H45B 
C45— C46— C47 
C45— C46— H46A 
C47— C46— H46A 
C45— C46— H46B 
C47— C46— H46B 
H46A— C46— H46B 
C46— C47— C48 
C46— C47— H47A 
C48— C47— H47A 
C46— C47— H47B 
C48— C47— H47B 
H47A— C47— H47B 
C47— C48— H48A 
C47— C48— H48B 
H48A— C48— H48B 
C47— C48— H48C 
H48A— C48— H48C 
H48B— C48— H48C 



109.5 

115.1 (8) 

108.5 

108.5 

108.5 

108.5 

107.5 

114.9(10) 

108.5 

108.5 

108.5 

108.5 

107.5 

113.8 (11) 

108.8 

108.8 

108.8 

108.8 

107.7 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 



Cul'- 
Cu2- 

Cur- 

Cu2- 
Cul'- 
Cu2- 
Cul'- 
Cu2- 
Cu2- 
CuP- 
Cul"- 
Cul'- 
Cul"- 
CuP- 
Cul"- 
CuP- 
CuP- 
Cul«- 
Cul"- 
CuP- 
CuP- 
Cul- 
CuP- 



-II— Cul— P2 
-II— Cul— P2 
-II— Cul— IP' 
-II— Cul— II" 
-II— Cul— 12 
-II— Cul— 12 
-II— Cul— Cul" 
-II— Cul— Cul" 
-II— Cul— CuP 
-II— Cul— Cu2 
-12— Cul— P2 
-12— Cul— P2 
-12— Cul— IP' 
-12— Cul— II" 
-12— Cul— II 
-12— Cul— II 
-12— Cul— Cul" 
-12— Cul— CuP 
-12— Cul— Cu2 
-12— Cul— Cu2 
-II— Cu2— PI 
-11— Cu2— PI 
-II— Cu2— IP 



-141.25 (7) 
146.80 (7) 
99.56 (4) 
27.61 (3) 
-28.30 (4) 
-100.25 (4) 
35.178 (18) 
-36.77 (3) 
-71.95 (3) 
71.95 (3) 
-147.60 (9) 
141.49 (9) 
-28.89 (4) 
-99.80 (3) 
98.76 (3) 
27.86 (4) 
-70.907 (16) 
70.907 (16) 
35.453 (8) 
-35.454 (8) 
144.67 (3) 
-144.26 (3) 
27.29 (4) 



14— Cu3— P3— C17A -89.2 (9) 

14™— Cu3— P3— C17A 30.3 (9) 

13— Cu3— P3— C17A 150.7 (9) 

Cu4— Cu3— P3— C17A -29.8 (9) 

Cu3"'— Cu3— P3— C17A -146.2 (9) 

Cu3"— Cu3— P3— C17A 87.8 (9) 

C21A— P3— C17— C18 -178.8 (18) 

C25— P3— C17— C18 -73.5(16) 

C21— P3— C17— C18 -175.9 (15) 

C17A— P3— C17— C18 30.7 (17) 

Cu3— P3— C17— C18 58.8 (17) 

P3— C17— C18— C19 -171.3 (13) 

C21A— P3— C17A— C18A -63 (2) 

C17— P3— C17A— C18A -33.8(17) 

C25— P3— C 1 7A— C 1 8 A 49 (2) 

C2 1— P3— C 1 7A— C 1 8A -67 (2) 

Cu3— P3— C17A— C18A 168.6(18) 

P3— C17A— C18A— C19 179.1 (15) 

C17A— C18A— C19— C20 -175.6 (19) 

C17A— C18A— C19— C18 31.7(14) 

C 1 7— C 1 8— C 1 9— C20 -76 (2) 

C17— C18— C19— C18A -42.1 (17) 

C21A— P3— C21— C22 -55 (2) 
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Cul — 11 — Cu2 — ir 


98.36 (5) 


Cul — 11 — Cu2 — 11" 


—97.95 (5) 


Cul — ^11 — Cu2 — 11" 


—26.88 (4) 


1 i TI ^ 1 ii 

Cul — 11 — Cu2 — Cul 


—34.60 (4) 


Cul — 1 1 — Cu2 — Cu 1 


36.47 (4) 


Cul — 1 1 — Cu2 — Cu 1 ' 


71.07 (5) 


Cul' — 11 — Cu2 — Cul 


^71 A'? 

-71.07 (5) 


P2 — Cu 1 — Cu2 — P 1 


5.30 (15) 


T 1 ii 1 /" \ . n ri 1 


— /4.U4 (4) 


11 — Cu 1 — Cu2 — P 1 


76.24 (4) 


12 — Cu 1 — Cu2 — P 1 


180.0 


Cu 1 — Cu 1 — Cu2 — r 1 


1 A A O 1 /TW 

— 144.816 (9) 


Cu i — Cu 1 — Cuz — r i 


1/1/1 O 1 C /TW 

144. olD (y) 


P2 — Cu 1 — Cu2 — 1 1 ' 


-175.92 (13) 


Tlii 1 /" '^ T 1 i 

1 1 " — Cu 1 — Cu2 — 1 1 ' 


104.743 (17) 


1 1 — Cu 1 — Cu2 — 1 1 ' 


1 r\ /I r^TT /IT 

-104.973 (17 


12 — Cu 1 — Cu2 — 1 1 


1 //I \ 

— l.zz (4) 


Cu 1 " — Cu 1 — Cu2 — 1 1 ' 


33.97 (4) 


Cul ' — Cu 1 — Cu2 — 1 1 ' 


—36.40 (4) 


P2 — Cu 1 — Cu2 — 1 1 


—70.94 (13) 


11 — Cul — Cuz — 11 


— 1d0.z8 (3) 


T'^ O 1 TI 

12 — Cu 1 — Cu2 — 1 1 


1 A'5 / A\ 

103.76 (4) 


Cul " — Cu 1 — Cu2 — 1 1 


138.94 (4) 


Cul — Cul — Cu2 — 11 


68.57 (4) 


Pz — Cu 1 — Cuz — 1 1 


/y.i'* (13) 


T 1 -1 /' ^ Tlii 

1 1 — Cu 1 — Cu2 — 1 1 " 


150.28 (3) 


T'l 1 /" ■ Tlii 

12 — Cu 1 — Cu2 — 1 1 " 


-105.96 (4) 


Cul — Cu 1 — Cu2 — 1 1 


nf\ no A\ 

—70.78 (4) 


Cul — Cul — Cuz — 11 


1/11 1/1 //i\ 
— 141.14 (4) 


P2 — Cu 1 — Cu2 — Cu 1 " 


150.12 (15) 


1 1 " — Cu 1 — Cu2 — Cu 1 " 


T A TO / /I \ 

70.78 (4) 


1 1 — Cu 1 — Cu2 — Cu 1 


1'>0 (\A //1\ 

—138.94 (4) 


12 — Cu 1 — Cu2 — Cu 1 


—35.184 (9) 


Cul' — Cul — Cu2 — Cu 1 " 


TA O /'A /■ 1 TN 

-70.369 (17) 


P2 — Cu 1 — Cu2 — Cu 1 


1 O A C 1 /I C \ 

—139.51 (15) 


Tlii 1 f~^, . o 1 i 

1 1 — Cu 1 — Cu2 — Cu 1 


1/11 1/1 //i\ 
141.14 (4) 


1 1 — Cu 1 — Cu2 — Cu 1 


/TO //I \ 

—68.57 (4) 


T'l 1 f ' ^ 1 i 

12 — Cu 1 — Cu2 — Cu 1 ' 


O C toe /A\ 

35.185 (9) 


Cul " — Cu 1 — Cu2 — Cu 1 ' 


70.369 (17) 


11 — Cu2 — y\ — CI 


101.6 (3) 


1 1 — Cuz — r 1 — C 1 


^ o A 
— 18.4 (i) 


Tlii C ' , , O Til 1 

1 1 — Cuz — r 1 — C 1 


1 T O /I \ 

—138.4 (3) 


Cu 1 " — Cu2 — P 1 — C 1 


160.4 (3) 


/~^,, 1 i /^,,^ Til 
Cul — Cuz F 1 C 1 


/lA /I 

40.4 (3) 


Cul— Cu2— PI— CI 


-79.6 (3) 


IP— Cu2— PI— cr 


-18.4 (3) 


11— Cu2— PI— CI' 


-138.4 (3) 


11"— Cu2— PI— CP 


101.6(3) 


Cul"— Cu2— PI— CP 


40.4 (3) 



C 1 7 — Pi — Cz 1 — Czz 


— 6z.z (18) 


Cz5 — ri — Czl — Czz 


-163.8 (15) 


C 1 7A — r3 — Cz 1 — CzZ 


-46 (2) 


Cu3 — P3 — C2 1 — C22 


73.5 (18) 


C 1 7 — ri — Cz 1 A — Cz2 


1 AT /"J\ 

—103 (3) 


C25 — P3 — C2 1 A — C22 


161 (3) 


C2 1 — P3 — C2 1 A — C22 


85 (3) 


C 1 7 A — r i — Cz 1 A — CzZ 


O O /"T \ 

-88 (3) 


Cui — r i — Cz 1 A — Cz2 


//IN 

23 (4) 


r i — Cz 1 A — C22 — Cz 1 


A A ( A\ 

—99 (4) 


r i — Cz 1 A — C22 — Cz i 


—135 (3) 


ri — Czl — Czz — C21A 


/I '^ /"T \ 

42 (3) 


ri — Cz 1 — Czz — Czi 


— 16z.5 (15) 


Cz 1 A — C22 — Czi — Cz4 


-30 (4) 


C21 — C22 — C23 — C24 


-48 (3) 


^^'~\^ A TIT /^^c /^^zT 

Czl A — Pi — Cz5 — Cz6 


O A A / 1 

-80.9 (17) 


CI / — Pi — CZD — Cz6 


— 160.4 (10) 


Cz 1 — Pi — Cz5 — Cz6 


CA 1 /I A\ 

—59.1 (14) 


C 1 7A — P3 — C25 — C26 


169.6 (11) 


Cu3 — P3 — C25 — C26 


^ A C / 1 A\ 

60.5 (10) 


P3 — C25 — C26 — C27 


1 £.C\ A /I A\ 

—169.4 (10) 


r~i^c /^^^ r^^n /~^^o 

L25 — C26 — C27 — C28 


1 '> yi ^\ 

—165.3 (16) 


C25 — C26 — C27 — C28A 


A'^ /I TN 

-92.2 (17) 


T/liii A A /^-^Aiv 

14 — Cu4 — P4 — C2y 


29.3 (5) 


T A A TiA f~^'^C\\v 

14 — Cu4 — P4 — Czy"^ 


AA n /c\ 

—90.7 (5) 


T /I iv A n /I /~"^ Aiv 

14'^ — Cu4 — P4 — C29" 


149.3 (5) 


f ^ O iii f ^ A Y\ A /" ' Aiv 

Cu3"' — Cu4 — P4 — C29'" 


-30.6 (5) 


Cu3 — Cu4 — P4 — C29 


OA A i C\ 

89.4 (5) 


Cu3 — Cu4 — P4 — C2 9" 


1 CA / C\ 

—150.6 (5) 


T/liii A T\ A t~^'~\C\ 

14"' — Cu4 — P4 — C29 


-90.7 (5) 


T/1 A Ti A /^'^A 

14 — Cu4 — P4 — Czy 


1 /I A T { C\ 

149.3 (5) 


T/liv A T\A 

14"^ — Cu4 — ^P4 — Czy 


'^A T { Z\ 

29.3 (5) 


Z"', , T iii ,A T\A n 

Cu3 — Cu4 — P4 — C29 


1 CA £. / C\ 

-150.6 (5) 


O iv f ^ A T\ A /~i (\ 

Cu3 " — Cu4 — P4 — C29 


-30.6 (5) 


Cu3 — Cu4 — P4 — C29 


OA A /C\ 

89.4 (5) 


T/liii A Tl/I O-^Aiii 

14 — Cu4 — P4 — Cz 9 


149.3 (5) 


T/l /^../l Tl/1 /^^Aiii 

14 — Cu4 — P4 — Cz9 


1A T /C\ 

29.3 (5) 


T /I iv A T\ A Aiii 

14'^ — Cu4 — P4 — C29"' 


-90.7 (5) 


O iii f ^ A T\ A /^'^ Aiii 

Cu3 '" — Cu4 — P4 — C2 9"' 


89.4 (5) 


Cu3"^ — Cu4 — P4 — C29"^ 


1 CA £ /C\ 

—150.6 (5) 


(—^ . . o ("^ . . A Ti A /^OAiii 

Cui — Cu4 — P4 — Czy 


TA £ /C\ 

—30.6 (5) 


/^'^Aiv Ti A /^'^A /"^'JA 

C29" — P4 — C29 — C30 


T / 1 1 \ 

—72.3 (11) 


C29 — P4 — C29 — C30 


1 TA 1 /0\ 

—179.1 (8) 


Cu4 — r 4 — Cz 9 — C 3 0 


54.3 (9) 


P4— C29— C30— C31 


178.9 (9) 


C29— C30— C31— C32 


-177.6(12) 


Cu5^— 16— Cu5— P6 


144.84 (10) 


Cu6— 16— Cu5— P6 


-144.27 (10) 


Cu5"— 16— Cu5— 16^ 


-98.53 (5) 
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Cul — Cu2 — P 1 — C 1 


-79.6 (3) 


Cu6 — 16 — Cu5 — 16' 


OT /I A f A\ 

—ll.M (4) 


Cu 1 — Cu2 — 1 — C 1 


160.4 (3) 


i^,,Cvi T/T /~^,,C TC 

Cu5" — 16 — Cu5 — 15 


OT /C\ 

27.86 (5) 


11 — Cu2 — Fl — CI 


—138.4 (3) 


Cu6 — 16 — Cu5 — 15 


AO nc /c\ 

98.75 (5) 


11 — Cu2 — ^Pl — CI 


1 m ^ /ox 

101.6 (3) 


Cu5" — ^16 — Cu5 — Cu6 


TA OA //1\ 

—70.89 (4) 


Tlii /"^ . . O T>1 /"^ 1 ii 

1 1 — Cuz — r 1 — C 1 


1 O /I \ 

—18.4 (3) 


Cu6 — 16 — Cu5 — Cu5" 


nf\ OA 

70.89 (4) 


Cul — Cu2 — P 1 — C 1 


—79.6 (3) 


Cu5 — 16 — Cu5 — Cu5 


O C 1 A /0\ 

—35.39 (2) 


Cu 1 — Cu2 — P 1 — C 1 


160.4 (3) 


Cu6 — 16 — Cu5 — Cu5^ 


35.50 (4) 


Cul — Cu2 — P 1 — C 1 


/1A A {'^\ 

40.4 (3) 


/~^-.-.Cv TC /^.,C T>^ 

Cu5 — 15 — Cu5 — Po 


1 /I T / 1 0\ 

143.73 (12) 


cr — r 1 — CI — Cz 


oo.o (y) 


C vi TC /^,. C T»/C 

Cu 5 — 15 — Cu5 — Po 


1 /I C A/1 /I 0\ 

— 145.04 (12) 


Ci — PI — CI — C2 


1 TO O 

172.8 (6) 


/^,,Cv TC /■ < . . C T^v 

Cu5 — 15 — Cu5 — 16 


OT O 1 /C\ 

27.81 (5) 


Cu2 — P 1 — C 1 — C2 


—60.3 (7) 


Lu5^ — 15 — Cu5 — 16^ 


AA AC /yl \ 

99.05 (4) 


PI — CI — C2 — Ci 


171.1 (6) 


/~^,,Cv TC . C TzT 

Cu5 — 15 — Cu5 — 16 


AO AA / A\ 

— yK.yy (4) 


/"'I 

C i — C/ — C J — C4 


1 1 /o\ 
1 /j.l (o) 


Cud — 15 — Cu5 — 16 


OT TC /'C\ 

—2 /. /5 (5) 


11 — Cul — ^P2 — C13 


Ayl T 

94.7 (3) 


/"'-^CV TC /~<,,c r^^^£. 

Cu5' — 15 — Cu5 — Cu6 


T c ^ 1 A ^ ^ f\\ 

—35.619 (10) 


11 — Cul — P2 — C13 


-26.7 (3) 


/— ■ ^vi TC /"^ C 

Cu5" — 15 — Cu5 — Cu6 


O C 1 A /I A\ 

35.619 (10) 


12 — Cu 1 — r 2 — C 1 3 


1/1/1 ^ /") \ 
— 144. 1 (3) 


CuS"^ — 15 — Cu5 — L.yxy 


n ^ o T o / 1 A\ 

-71.238 (19) 


Cu 1 — Cu 1 — r2 — C 1 3 


iD9.4 (3) 


Cu5 — 15 — Cu5 — Cu5 


T 1 T3 O / 1 A\ 

/ 1.238 (19) 


Cu 1 — Cu 1 — P2 — C 1 3 


—85.0 (3) 


/~^,,Cvi 1£. r^—.H TIC 

Cu5'^ — 16 — Cu6 — P5 


1 /IT AT 

—143.97 (3) 


Cu2 — Cu 1 — P2 — C 1 3 


30.7 (4) 


c T/' /' T*c 

Cu5 — 16 — Cu6 — P5 


'I A 1 AC \ 

143.95 (3) 


11 — Cul — P2 — C5 


—147.2 (3) 


Cu5" — 16 — Cu6 — 16 


OT CI /'C\ 

—27.51 (5) 


T1 1 T»0 /"'C 

11 — Cul — ^P2 — C5 


A 1 A \ 

91.4 (3) 


TZ /~1,,£" TZvi 

Cu5 — 16 — Cu6 — 16" 


A A CA /n\ 

—99.59 (7) 


12 — Cul — ^P2 — C5 


—26.0 (3) 


/"'^^cvi TZ TZv 

Cu5" — 16 — Cu6 — 16' 


AA C? 

99.57 (7) 


Cu 1 " — Cu 1 — P2 — C5 


O O A / A\ 

-82.4 (4) 


Cu5 — 16 — Cu6 — 16' 


0^7 /I A /C\ 

27.49 (5) 


Cul — Cul — P2 — C5 


33.1 (4) 


Cu5 — 16 — Cu6 — Cu5 


TO AO /zr\ 

72.08 (6) 


Cu2 — Cu 1 — ^P2 — C 5 


1 /I O O 

148.8 (3) 


Cu5" — 16 — Cu6 — Cu5^ 


1 C AO /C\ 

35.98 (5) 


T1 ii 1 T*0 /^n 

1 1 " — Cu 1 — P2 — C 9 


—25.4 (4) 


Cu5 — 16 — Cu6 — Cu5' 


*> AA /C\ 

-36.09 (5) 


T1 -1 T~iO /^r^ 

11 — Cul — P2 — C9 


1 A /' O / /I \ 

-146.8 (4) 


Cu5 — 16 — Cu6 — Cu5" 


TO AO 

-72.08 (6) 


TO ■". , 1 T*0 /" ' 

12 — Cu 1 — P2 — C9 


AC O / A \ 

95.8 (4) 


P6 — Cu5 — Cu6 — P5 


1 1 /o\ 

1.1 (2) 


Cul — Cul — P2 — cy 


39.4 (4) 


T/CV /*^ttC r^^^c T>C 

16 — Cu5 — Cu6 — ^P5 


TC AA /'C\ 

/5.00 (D) 


Cu 1 — Cu 1 — P2 — C9 


154.9 (3) 


TA C /' T»C 

16 — Cu5 — Cu6 — P5 


-75.12 (5) 


Cu2 — Cul — P2 — C9 


OA A / A\ 

—89.4 (4) 


TC t~^-.-.C TIC 

15 — Cu5 — Cu6 — P5 


1 OA A 

180.0 


C 1 3 — P2 — C5 — Co 


67.1 (8) 


Cu5" — Cu5 — Cu6 — P5 


t A A CC\/Z / 1 0\ 

—144.596 (12) 


Tf^ /~^c r^£. 

C9 — P2 — C5 — Co 


172.5 (7) 


Cu5^ — Cu5 — Cu6 — ^P5 


1 A A CAT /I 

144.597 (12) 


Cul — P2 — C5 — Co 


-57.7 (7) 


P6 — Cu5 — Cu6 — 16 


T/' O 1 /I T\ 

76.21 (17) 


P2 — C5 — Co — C7 


161.1 (8) 


16' — Cu5 — Cu6 — 16 


1CA 11 //IX 

150.11 (4) 


/~^c /~^n t~^o 

C5 — Co — C7 — Co 


C£ 1 /I A\ 

56.1 (14) 


15 — Cu5 — Cuo — 16 


1 A/1 OO /C\ 

—104.88 (5) 


1 1 Tio r^Ci r\ 
C 1 3 — r2 — cy — C 1 U 


1 /3.1 (o) 


Cu5 — Cu5 — Cuo — lo 


— oy.46 (o) 


/~^C TIO /^A 1 A 

C5 — P2 — C9 — C 1 0 


67.0 (9) 


Cu5' — Cu5 — Cu6 — 16 


1 /I A OA /'C\ 

— 140.2y (5) 


Cul — P2 — C9 — CIO 


£A T /0\ 

—60.3 (8) 


P6 — Cu5 — Cu6 — 16 


1 TO OA /I n\ 

-178.84 (17) 


T>0 /"'A 1 A 1 

P2 — cy — c 1 0 — c 1 1 


1 T? y1 /'0\ 

—177.4 (8) 


TZV /~1,,Z TZvi 

16' — Cu5 — Cu6 — 16^^ 


1 A/1 A'^ 

—104.93 (2) 


C9 — CIO — Cll — C12 


65.7 (14) 


TzT . C /'"■,,/' TzTvi 

16 — Cu5 — Cu6 — 16 


1 A /I AC /0\ 

104.95 (2) 


C 5 — P2 — C 1 3 — C 1 4 


^ n A o /"OX 

174.2 (8) 


15 — Cu5 — Cu6 — 16' 


A AT /C\ 

0.07 (5) 


/~<A T»0 /"^ 1 T ^1/1 

C9 — P2 — C 1 3 — C 1 4 


67.6 (8) 


Cvi C £ T^vi 

CuS" — Cu5 — Cu6 — 16" 


35.47 (6) 


Cui — rz — C13 — C14 


/CI T /o\ 

—61.3 (8) 


Cuj — Cud — Cuo — 16 


I C '? '? /c\ 

— jD.jj (5) 


P2— C13— C14— C15 


174.3 (9) 


P6— Cu5— Cu6— 16' 


-73.90(17) 


C13— C14— C15— C16 


-70.2 (18) 


16— Cu5— Cu6— 16' 


-150.11 (4) 


Cu3"'— 14— Cu3— P3 


-146.42(11) 


15— Cu5— Cu6— 16' 


105.00 (5) 


Cu4— 14— Cu3— P3 


142.92(11) 


Cu5"— Cu5— Cu6— 16' 


140.41 (5) 


Cu3"'— 14— Cu3— 14'^ 


98.66 (5) 


Cu5'— Cu5— Cu6— 16' 


69.60 (5) 
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Cu4 — 14 — Luj — 14 


1 O {\f\ / A\ 

28.00 (4) 


P6 — Cu5 — Cu6 — Cu5 


— 143.5 (2) 


Cu3"' — 14 — Cu3 — 13 


■TT ri/T /c\ 

-27.96 (5) 


16" — Cu5 — Cu6 — Cu5" 


-69.60 (5) 


Cu4 — 14 — Cu3 — ^13 


—98.62 (5) 


16 — Cu5 — Cu6 — Cu5^ 


1 /lA OA /C\ 

140.29 (5) 


Cu3 — 14 — Lu3 — Cu4 


70.66 (4) 


15 — Cu5 — Cu6 — Cu5^ 


O C /I AO /I ""^N 

35.403 (12) 


Cu4 — 14 — Cu3 — Cu3 


— /{j.bb (4) 


Cu5 — C u5 — Cu6 — Cu5" 


-7 A 01 

70.81 (2) 


Cu3 — 14 — Cu3 — Cu3 " 


o c o c /'^\ 

35.35 (2) 


P6 — Cu5 — Cu6 — Cu5 


1 /I C T /-^X 

145.7 (2) 


Lu4 — 14 — Cu3 — Lu3 " 


—35.31 (4) 


16^ — Cu5 — Lu6 — Cu5" 


1 /I A /I 1 /C\ 

—140.41 (5) 


Cu3 — 13 — Cu3 — r3 


1/1/1 A'l / 1 O \ 

144. Uz (13) 


16 — Lu5 — Cu6 — Cu5 


^A /I 0 i ti \ 

69.48 (6) 


Cu3 — 13 — CllJ — r3 


— 144. / 1 (13) 


Tc /^.,c /^..cvi 
1j — CUj — Clio — CUJ 


OC A(\A /l-^A 

— 3j.404 (iZ) 


Cu3 — 13 — Cu3 — 14 


T7 A /I /C\ 

27.94 (5) 


Cu5 — Cu5 — Cu6 — Cu5 


TA 0 1 /OX 

-70.81 (2) 


Cu3" — 13 — Cu3 — 14 


99.20 (4) 


16 — Cu6 — P5 — C3 3^ 


OT //l\ 

-37.2 (4) 


Cu3 — 13 — Cu3 — 14'^ 


f\C\ 1 O //I \ 

-99.18 (4) 


TjCvI f . . /I TIC /~^OOV 

16 — Lu6 — F5 — C33 


1 c? 0 //I \ 

—157.2 (4) 


Cu3 — 13 — Cu3 — 14" 


—27.91 (5) 


T^v /" ■". . /■ nc /^oov 

16" — Cu6 — P5 — C-33" 


O'l 0 //IN 

82.8 (4) 


/~1 Till TT ^ A 

Cu3™ — 13 — Cu3 — Cu4 


-35.632 (10) 


Cu5 — Cu6 — P5 — C33^ 


22.9 (4) 


Cu3" — 13 — Cu3 — Cu4 


o c /'o /I /I ri\ 

35.634 (10) 


Cu5" — Cu6 — P5 — C33" 


1 /I A /"/IN 

142.9 (4) 


Cu3 — 13 — Cu3 — Cu3 


71.27 (2) 


/^,,Cvi /" . , /: TIC /^OOv 

Cu5"' — Cu6 — P5 — C33 


AT 1 //IN 

—97.1 (4) 


Cu3 — 13 — Cu3 — Cu3"^ 


—71.27 (2) 


TZ^ /" . TIC /~^00 

16 — Cu6 — P5 — C3 3 


O'l 0 /C\ 

82.8 (5) 


TA r^^^ A T\A 

Cu3 — 14 — Lu4 — P4 


—144.01 (3) 


16"^ — Cu6 — P5 — C3 3 


'>'7 /C\ 

—37.2 (5) 


Cu3 "' — 14 — Cu4 — P4 


AAA r\f\ /O \ 

144.00 (3) 


16" — Cu6 — P5 — C3 3 


-157.2 (5) 


Cu3 — 14 — Cu4 — 14'" 


c\c\ oc\ /n\ 

99.89 (7) 


Cu5 — Cu6 — P5 — C33 


1 /1 0 A /C\ 

142.9 (5) 


Cu3 — 14 — C-u4 — 14™ 


'^n oc\ /c\ 

27.89 (5) 


Cu5^ — Cu6 — P5 — C33 


c\n 1 /ex 

-97.1 (5) 


Lu3 — 14 — Cu4 — 14'^ 


—27.91 (5) 


Cu5" — Cu6 — ^P5 — C33 


'^'^ A /C\ 

22.9 (5) 


Cu3 — 14 — Cu4 — 14 


—99.90 (7) 


J £. 1"^ , , 1^- TiZ /^OOvi 

16 — Cu6 — P5 — C33 


1 c? 0 //I \ 

—157.2 (4) 


/^,,o 1A /" ■". . A /^,,oiii 
Cu3 — 14 — Cu4 — Cu3 


71.99 (6) 


T^vi C^, , TiC /^OOvi 

16" — Cu6 — P5 — C33 


O'l 0 / /I \ 

82.8 (4) 


Cui — 14 — Cu4 — Cui 


35.9/ (5) 


16 — Cu6 — P5 — C33 


-37.2 (4) 


Cu3"' — 14 — Cu4 — Cu3'^ 


—36.02 (5) 


C • r f ^ /' T* C /^O O vi 

Cu5 — Cu6 — P5 — C33"' 


-97.1 (4) 


Cu3"' — 14 — Cu4 — Cu3 


T 1 A A / /'\ 

-71.99 (6) 


Cu5" — Cu6 — P5 — C33"' 


■O A / /I \ 

22.9 (4) 


Til /^,,0 t"^-., A T\ A 

P3 — Cu3 — Cu4 — P4 


0.5 (2) 


/~^,,Cvi f ^ , . /I TIC /^OOvi 

Cu5 — Cu6 — P5 — C3 3" 


1 A'~\ A //IN 

142,9 (4) 


14 — Cu3 — Cu4 — r4 


T/l 

/4.5/ (3) 


C33 — P5 — C33 — Cj4 


/ /.5 (Iz) 


vo," — Cu3 — Cu4 — P4 


-74.93 (5) 


/—I o O vi Tl C O O /~i T /I 

C33"' — P5 — C33 — C34 


1 T /I /0\ 

-176.4 (8) 


13 — Cu3 — Cu4 — ^P4 


1 OA AAA /'^\ 

180.000 (2) 


f'^ . . /T TIC /~^00 i^'J A 

Cu6 — P5 — C33 — C34 


AC\ A /I A\ 

—49.4 (10) 


Lu3 — Cu3 — Cu4 — P4 


144. 5ol (Iz) 


TIC /I /~*'>C 

P5 — C33 — C34 — C35 


1 A /A\ 

—176.0 (9) 


Lu3"^ — Lu3 — Cu4 — ^P4 


t A A cno /I 

—144.578 (12) 


C33 — C34 — C35 — C36 


—\11.2 (11) 


P3 — Cu3 — Cu4 — 14"' 


1 T A /I O /I ON 

-179.43 (18) 


16" — Cu5 — P6 — C45 


21.6 (4) 


T/l /^..O /" ■". . A Tyliii 

14 — Cu3 — Cu4 — 14'" 


1 AC 1 A /0\ 

—105.10 (2) 


TzT /" ■". . C T*£ /I C 

16 — Cu5 — P6 — C45 


A A'~\ //I \ 

142.2 (4) 


14"^ — Cu3 — Cu4 — 14 


1 AC 1 A 

105.10 (2) 


TC ^ C T>^ ^/1C 

15 — Cu5 — ^P6 — C45 


AT 0 ^ A\ 

—97.8 (4) 


13 — Cu3 — Cu4 — 14'" 


A AO / C\ 

0.03 (5) 


Cu6 — Cu5 — P6 — C45 


01 1 /'/IN 

81.1 (4) 


Cu3 — Cu3 — Cu4 — 14'" 


O C OA /' C\ 

-35.39 (5) 


/—I Cvi /" " r T\/' f ' A C 

Cu5"' — Cu5 — P6 — C45 


1 CT 0 / A\ 

-157.8 (4) 


/~i iv O /I T /I iii 

Cu3 '" — Cu3 — Cu4 — 14"' 


35.45 (5) 


Cv f ^ C Tif A C 

Cu5 " — Cu5 — P6 — C45 


-37.4 (5) 


T»0 /~1,,0 y| T/1 

P3 — Cu3 — Cu4 — 14 


HA OO /I 0\ 

—74.33 (18) 


16^ — Cu5 — P6 — C4 1 


1 OA n / A\ 

139.7 (4) 


— Cu3 — Cu4 — 14 


1 /1A OA / A\ 

— 149.80 (4) 


T/T , C Tl/T /I 1 

16 — Cu5 — r 6 — C4 1 


A A n / /I \ 

—99.7 (4) 


TO /" ■". . ") /- . A -\ A 

13 — Cu3 — Cu4 — 14 


1 AC 1 O /C\ 

105.13 (5) 


TC /" . . C T*^ /"^ /t 1 

15 — Cu5 — P6 — C4 1 


'I A 0 i A\ 

20.3 (4) 


/~iOiii /~iO A lA 

Cu3"' — Cu3 — Cu4 — 14 


69.71 (5) 


Cu6 — Cu5 — ^P6 — C4 1 


1 /'A 0 //( \ 

-160.8 (4) 


Cu J — CUJ — Cu4 — 14 


^ Ac\ cc /c\ 
140.55 (5) 


Cll5 — Cu5 — P6 — C4 1 


— j9.o (5) 


P3— Cu3— Cu4— 14'" 


75.47 (18) 


Cu5"— Cu5— P6— C41 


80.7 (4) 


14— Cu3— Cu4— 14'" 


149.80 (4) 


16"— Cu5— P6— C37 


-90.7 (8) 


13— Cu3— Cu4— 14" 


-105.07 (5) 


16— Cu5— P6— C37 


29.9 (8) 


Cu3 "'— Cu3— Cu4— 14" 


-140.49 (5) 


15— Cu5— P6— C37 


149.8 (8) 


Cu3'"— Cu3— Cu4— 14'" 


-69.65 (5) 


Cu6— Cu5— P6— C37 


-31.3 (8) 



Acta Cryst. (201 4). E70, ml 1 7-m1 1 8 



sup-24 



supplementary materials 



P3 — Cu3 — Cu4 — Cu3 


— 144. (J (2) 


Cu5 — Cu5 — P6 — C37 


89.9 (8) 


14 — Cu3 — Cu4 — Cu3 


—69.71 (5) 


Cu5^ — Cu5 — P6 — C37 


1 ylA O /"OX 

-149.8 (8) 


14" — Cu3 — Cu4 — Cu3 


140.49 (5) 


16^ — Cu5 — ^P6 — L37A 


111 T /TX 

-111.7 (7) 


13 — Cu3 — Cu4 — Cu3 


35.419 (12) 


16 — Cu5 — P6 — L3 7A 


o o /n\ 

8.8 (7) 


Cu3" — Cu3 — Cu4 — Cu3 


70.84 (z) 


15 — Cu5 — F6 — C37A 


128.8 (7) 


r3 — Cu3 — Cu4 — Cu3" 


145.1 (2) 


Cu6 — Cu5 — P6 — C3 7 A 


CT 1 /0\ 

—52.3 (8) 


14 — Cu3 — Cu4 — Lu3" 


—140.55 (5) 


Cu5" — Cu5 — P6 — C3 7 A 


68.9 (8) 




/CN 

69.65 (5) 


Cu5 — Cu5 — r6 — L3 7A 


-170.8 (7) 


13 — Cu3 — L.U4 — Cu3 


— 3j.4zz (11) 


C4j — ro — C3 / — C38 


61 (2) 


Cu3 — Cu3 — Cu4 — Cu3 


OA /'^\ 

-70.84 (2) 


C41 — P6 — C37 — C38 


-48 (2) 


14 — Cu3 — ^P3 — C2 1 A 


157.5 (17) 


C37A — P6 — C37 — C38 


-43 (2) 


14 — Lu3 — r 3 — Cz 1 A 


-83.0 (17) 


Cu5 — P6 — L3 7 — C3 8 


1 "7 "7 1 /I A\ 

-177.2 (19) 


13 — Cu3 — 3 — Cz 1 A 


3 /.4 (1 /) 


r>/c r^io /^■ia 
ro — C3 / — C38 — C3y 


— i /6.6 (16) 


Cu4 — Cu3 — P3 — C2 1 A 


t A'y ^ /I T\ 

-143.2 (17) 


C45 — P6 — C37A — C3 8A 


/I A / 1 A\ 

-64.0 (19) 


Cu3 "' — Cu3 — P3 — C2 1 A 


1 AA C /I T\ 

100.5 (17) 


C41 — P6 — C37A — C38A 


-166.7 (18) 


Cu3 — Cu3 — P3 — Cz 1 A 


—25.5 (17) 


C37 — r6 — C37A — C38A 


18 (2) 


14 — Cu3 — r 3 — C 1 / 


— loz.y (/) 


Cu5 — ro — C3 / A — C38A 


/3.0 (19) 


14" — Cu3 — ^P3 — C 1 7 


16.6 (7) 


P6 — C3 7A — C3 8 A — C3 9 


1 A / 1 CX 

173.9 (15) 


TO O TIT 1 T 

13 — Cu3 — P3 — C 1 7 


137.0 (7) 


' OTA /^O O A A Z"' A A 

C37A — C38A — C39 — C40 


-52 (3) 


Cu4 — Cu3 — P3 — C 1 7 


-43.6 (8) 


C3 7 A — C3 8 A — C3 9 — C3 8 


O A /I OX 

—36.0 (18) 


Cu3 — Cu3 — r3 — CI / 


— iDy.y (/) 


/^■^T /^-lO /"^"^n 

C3 / — C38 — C3y — C40 


1 /cn Ci /"I Ci\ 
— lo9.9 (19) 


Cu3" — Cu3 — ^P3 — C 1 7 


74.1 (7) 


C37 — C38 — C39 — C38A 


1 T / 1 Z'X 

21.7 (16) 


14 — Cu3 — P3 — C25 


23.1 (5) 


C45 — P6 — C41 — C42 


1 /'O T /AX 

-168.3 (9) 


14" — Cu3 — ^P3 — C25 


^ H i A\ 

142.6 (4) 


C37 — P6 — C41 — C42 


/ITA A / 1 -TX 

-60.0 (12) 


13 — CuJ — ^FJ — C/D 


— 9/.0 (4) 


C3 / A — r6 — C41 — C4z 


—62.0 (12) 


Cu4 — Cu3 — P3 — C25 


82.5 (5) 


Cu5 — P6 — C41 — C42 


66.2 (10) 


Cu3"' — Cu3 — P3 — C25 


-33.9 (5) 


P6 — C4 1 — C42 — C43 


-164.3 (9) 


Cu3 — Cu3 — P3 — C25 


1 CA A 

—159.9 (4) 


C4 1 — C42 — C43 — C44 


—b5.1 (15) 


74 f,,! pi r">i 

iT" l^UJ r J i 










-1 03 8 ^^7^ 


pfi CAS r46 


179 3 n I") 


13— Cu3— P3— C21 


16.6 (7) 


C37A— P6— C45— C46 


-156.1 (10) 


Cu4— Cu3— P3— C21 


-163.9 (7) 


Cu5— P6— C45— C46 


62.7 (10) 


Cu3"'— Cu3— P3— C21 


79.7 (7) 


P6— C45— C46— C47 


-174.7 (9) 


Cu3"— Cu3— P3— C21 


-46.3 (7) 


C45— C46— C47— C48 


178.7(11) 


Symmetry codes: (i) -y+l, x-y-v\, z; (i 


i) -x+y+l, -x+2, z; (iii) 


z; (iv) ->'+!, x-y, z; (v) ->'+!, x-y+l, z; (vi) 


-x+y, -x+\, z. 
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